(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



III 



(11) 



EP1 151 913 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

07.11.2001 Bulletin 2001/45 

(21) Application number: 00909712.2 

(22) Date of filing: 17.03.2000 



(51) Intel 7: B62M 19/00, B62K 5/00, 
B62K 11/00, B60K 17/34, 
B60K 23/04 

(86) International application number: 
PCT/JP00/01645 

(87) International publication number: 

WO 01/34457 (17.05.2001 Gazette 2001/20) 



(84) 


Designated Contracting States: 


• GUSTAFSSON, Leif 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


194 27 Upplands Vasby (SE) 




MC NL PT SE 


• TRIGG, Robert V., Yamaha Motor Europe N.V. 
1119 NC Schiphol-Majijk (NL) 


(30) 


Priority: 08.11.1999 JP 31682299 


• WAHLEN, Magnus 

194 27 Upplands Vasby (SE) 


(71) 


Applicant: YAMAHA HATSUDOKI KABUSHIKI 


• ISHIBASHI, Tadakazu 




KAISHA 


Iwata-shi, Shizuoka 438-8501 (JP) 




Iwata-shi, Shizuoka 438-8501 (JP) 


(74) Representative: Griinecker, Kinkeldey, 


(72) 


Inventors: 


Stockmair & Schwanhausser Anwaltssozietat 


• 


JANSSON, Lars 


Maximilianstrasse 58 




194 27 Upplands Vasby (SE) 


80538 Munchen (DE) 



< 

CO 

5> 

LO 



CL 
LU 



(54) FRONT AND REAR WHEEL DRIVE TYPE VEHICLE 



(57) A front and rear wheel drive type vehicle, com- 
prising a hydraulic pump (100) driven so that it is inter- 
locked with a rear wheel, a front wheel driving hydraulic 
motor (101) which is connected to the hydraulic pump 
(1 00) and disposed near a front wheel (1 06), and pres- 
suring means (102) connected between the hydraulic 
motor (101) and the hydraulic pump (100), wherein a 
closed circuit (103) is formed of the hydraulic pump 
(100), front wheel driving hydraulic motor (101), and 
pressuring means (102). 



[FIG. 1] 




Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 151 913 A1 



2 



Description 

Field of the Invention 

[0001 ] This invention relates to a front and rear wheel 
drive type of vehicle run by propelling front and rear 
wheels. 

Technical Background 

[0002] As the front and rear wheel drive type of vehi- 
cles such as motorcycles and small four wheeled vehi- 
cles for running on irregular terrain by producing drive 
force also on the front wheel, there have been those of 
a constitution in which the engine power is transmitted 
to the front wheel through a mechanical transmitting de- 
vice of such types as a chain drive type and a shaft drive 
type. Of such a type of vehicles, most of the front and 
rear wheel drive type of motorcycles are constituted to 
transmit engine power to the front wheel through a first 
chain type of transmitting device extending from the en- 
gine to the front fork support portion and a second chain 
type of transmitting device extending from the driven 
portion of the first chain type of transmitting device along 
the front fork to the front wheel hub. 
[0003] The small-sized, four-wheeled vehicle of the 
front and rear wheel drive type for running on irregular 
land surfaces employs a constitution in which the engine 
power is transmitted through shaft drive type of trans- 
mitting devices to the front and rear wheels, with the rear 
wheel drive system comprising the shaft drive type of 
transmitting device extending from the engine toward 
the rear for driving the rear wheels on a single wheel 
shaft directly interconnecting right and left rear wheels, 
extending in the vehicle width direction, and connected 
to the rear part of the shaft drive type of transmitting de- 
vice. The front wheel drive system of this vehicle is 
slightly different from the rear wheel drive system; com- 
prising a shaft drive type of transmitting device, for the 
front wheels, extending from the engine toward the front 
of the vehicle body, wheel shafts for right and left front 
wheels connected through differential gears to the front 
end part of the shaft drive type of transmitting device, 
etc. The differential gear portion is provided with a dif- 
ferential lock mechanism for the direct interconnection 
between the right and left front wheels so that the vehicle 
can get out of the mud when one of the front wheels 
spins in the mud. 

[0004] The small-sized, four-wheeled vehicle of the 
front and rear wheel drive type for running on irregular 
land surfaces is also provided with a 2WD-4WD switch- 
ing device interposed between the engine and a shaft 
drive type of transmitting device located on the front 
wheel side for switching between a running mode with 
the engine power transmitted to only the rear wheels 
(2WD mode) and a running mode with the engine power 
transmitted to both of the front and rear wheels (4WD 
mode). It is arranged that propelling forces are produced 



on only the rear wheels by switching the switching de- 
vice to the 2WD mode and that propelling forces are pro- 
duced on both the front and rear wheels by switching 
the switching device to the 4WD mode. 

5 [0005] The conventional front and rear wheel drive 
type of vehicle constituted as described above has prob- 
lems: Since the vehicle is provided with transmitting 
members such as chains and drive shafts extending in 
the longitudinal and vertical directions of the vehicle 

10 body, the size of the vehicle body increases and the de- 
gree of freedom decreases in designing the front sus- 
pension system and other vehicle body components. 
Moreover, in the above-described transmitting devices, 
a large number of rotating members are required and 

15 their constitution is complicated. 

[0006] Another problem is that, in the running mode 
with the drive force transmitted to the front wheels (4WD 
mode), the engine power is always transmitted to the 
front wheels and so the steering force for operating the 

20 steering wheel is always heavy. To reduce the steering 
force as much as possible, it is conceivable that the en- 
gine power is normally transmitted to the rear wheels 
only and switched to be transmitted to both the front and 
rear wheels when the vehicle is going to run on a slip- 

25 pery or muddy road, or when the rear wheels start spin- 
ning while running through the mud. However, there is 
also a problem: if such a switching operation is made 
manually, the operation is inevitably delayed and it is 
impossible to run the vehicle by driving the front and rear 

30 wheels at a required moment. Moreover, since the 
switching device is mechanically connected and discon- 
nected, the switching operation lacks smoothness, and 
shocks are felt at the switching moment. 
[0007] The inventors are contemplating solving all the 

35 above problems by a single contrivance by employing a 
constitution of driving the front wheels with hydraulic 
motors. As the front and rear wheel drive type of vehicle 
with the front wheel driven with a hydraulic motor, there 
is a motorcycle for example disclosed in a published 

40 Japanese patent application Tokkai Hei 1-273782. The 
front and rear wheel drive type of motorcycle shown in 
the published patent application is constituted with a hy- 
draulic motor installed in the front wheel hub portion to 
which is supplied working oil with an engine-driven hy- 

45 draulic pump. To supply the working oil from the hydrau- 
lic pump to the hydraulic motor, a hydraulic hose is used 
so that the hydraulic hose is bent when the steering op- 
eration is made. The hydraulic pump is connected 
through a transmitting device to the output shaft of the 

50 engine, so that the engine power is transmitted to the 
hydraulic pump as well as to the rear wheel. 
[0008] The hydraulic circuit of the front and rear wheel 
drive type of motorcycle includes a reservoir for storing 
working oil on the upstream side of the hydraulic pump 

55 and an oil filter, both located in the vicinity of the hydrau- 
lic pump. To transmit power from the hydraulic motor to 
the hub, a gear is provided on the output shaft of the 
hydraulic motor, which gear is made to engage with an- 
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other gear of the front wheel hub. 
[0009] However, even if the above-described consti- 
tution is employed to drive the front wheel with the hy- 
draulic motor, there is a limit to reduce the size of the 
vehicle body: Because the reservoir must be of a large 
volume to prevent cavitation from occurring on the suc- 
tion side of the hydraulic pump when the revolution of 
the hydraulic pump suddenly increases as when the rear 
wheel slips. That is, because the large reservoir occu- 
pies a large space, body size cannot be reduced. The 
large reservoir causes additional problem of increased 
weight. 

[0010] There are also problems related to assembly 
and maintenance; Components of the hydraulic system 
are mounted on the vehicle body one by one and they 
are interconnected through pipes and hoses. Therefore 
the number of brackets for attaching those components 
is also great and the assembly work is complicated and 
inefficient. At the time of maintenance, a large number 
of components must be removed and reattached. 
[001 1] Another problem is that, since connecting por- 
tion (engagement portion) between the hydraulic motor 
and the front wheel is exposed, this portion is liable to 
wear and abrasion due to dirt and foreign matter adher- 
ing to that portion. This problem can be solved to some 
extent for example by positioning the engagement por- 
tion within the hub, as disclosed in a published Japa- 
nese patent application Tokkai Hei 9-156570. 
[0012] In the front and rear wheel drive type of vehicle 
disclosed in the above patent publication, part of the hy- 
draulic motor is disposed to face the interior of the hub 
and the both components are made to engage with each 
other through gears within the hub. A wheel shaft is 
passed through a boss formed in the axially central por- 
tion of the hub. Both of the vehicle width direction ends 
of the boss are supported with bearings for rotation 
about the wheel shaft. One end of the boss is extended 
radially outward. The outside circumferential portion of 
the extended portion is formed in a cylindrical shape 
having a flange for connecting spokes. The cylindrical 
portion is formed to be open on one side of the vehicle 
body, with an internal gear attached to the bottom of the 
cylindrical recess. 

[0013] The hydraulic motor is supported on a disk- 
shaped cover secured on the wheel shaft side, with its 
output gear made to engage with the internal gear within 
the cylindrical recess. The cover is shaped to close the 
cylindrical recess of the hub and located immediately 
inside the opening brim of the cylindrical portion. A seal 
member is interposed between the outside circumferen- 
tial surface of the cover and the opening brim to prevent 
foreign matter such as muddy water, sand, grit, etc. from 
entering the inside of the hub. 

[0014] However, there is a problem; Since the seal 
member interposed between the disk-shaped cover 
supporting the hydraulic motor and the hub is located 
on the outermost side of the hub, it is likely to be hit and 
damaged with stones tossed up with the front wheel or 



projections on the road. Another problem is that the seal 
member is likely to wear as it is directly sprayed with 
muddy water. If the sealing function becomes poor, en- 
gagement portions of the hydraulic motor and the hub 
5 are worn with the muddy water entering the inside of the 
hub. Although this problem can be solved by providing 
a member for protecting the seal member, such a con- 
stitution would increase the size of the hub. 

10 Disclosure of the Invention 

[0015] To solve the above-described problems, a front 
and rear wheel drive type of vehicle of this invention 
comprises; a hydraulic pump driven as interlocked with 

15 the rear wheel, a hydraulic motor for driving the front 
wheel and disposed in the vicinity of the hydraulic pump, 
and a pressurizing means interconnecting the front 
wheel-driving hydraulic motor and the hydraulic pump; 
with the hydraulic pump, the front wheel-driving hydrau- 

20 He motor, and the pressurizing means constituting a 
closed circuit. 

[0016] According to the invention, since the pressu- 
rizing means pressurizes the working oil, cavitation 
does not occur even if the revolution of the hydraulic 
25 pump increases rapidly. Therefore, cavitation is prevent 
from occurring without providing a large reservoir for 
storing working oil. 

[0017] A front and rear wheel drive type of vehicle of 
claim 2 is based on the same of claim 1 wherein a pres- 
to surizing means is interposed between the suction side 
of the hydraulic pump and the discharge side of the hy- 
draulic motor. 

[0018] According to the invention, it is possible to 
pressurize the working oil on the low pressure side of 

35 the closed circuit. 

[0019] A front and rear wheel drive type of vehicle of 
claim 3 is based on the same of claim 1 wherein the 
pressurizing means is interposed between the delivery 
side of the hydraulic pump and the suction side of the 

40 hydraulic motor. 

[0020] According to the invention, the constitution of 
the hydraulic circuit need not be changed whether the 
vehicle runs forward or reverse. 
[0021] A front and rear wheel drive type of vehicle of 

45 claim 4 is based on the same of claim 1 wherein the 
engine is used as the power source for the hydraulic 
pump. 

[0022] According to the invention, a front and rear 
wheel drive type of vehicle can be easily produced by 
50 retrofitting the front wheel drive system components to 
an existing vehicle. 

[0023] A front and rear wheel drive type of vehicle of 
claim 5 is based on the same of claim 1 wherein an elec- 
tric motor is used as the power source for the hydraulic 
55 pump. 

[0024] According to the invention, since the front 
wheel can be driven by driving the hydraulic pump with 
the electric motor, variation in the hydraulic pressure can 
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be held small and cavitation is less likely to occur. 
[0025] A front and rear wheel drive type of vehicle of 
claim 6 is based on the same of claim 1 wherein the 
hydraulic motor is constituted to. be. supplied with hy- 
draulic pressure so that the hydraulic motor rotates syn- 
chronously with the front wheel in the running state of 
the front wheel rotating at a nearly equal rotary speed 
as that of the rear wheel. 

[0026] According to the invention, drive force is not 
produced on the front wheel when the front and rear 
wheels are rotating at nearly equal rotary speeds even 
if the hydraulic motor is rotated with hydraulic pressure, 
and drive force is produced upon decrease in the drive 
force of the rear wheel as when the rear wheel spins. 
[0027] A front and rear wheel drive type of vehicle of 
claim 7 is based on the same of claim 1 wherein the 
hydraulic motor is constituted to be supplied with hy- 
draulic pressure so that a drive force smaller than that 
on the rear wheel is produced on the front wheel in the 
running state of the front wheel rotating at a nearly equal 
rotary speed as that of the rear wheel. 
[0028] According to the invention, a very small drive 
force is produced on the front wheel when the front and 
rear wheels are rotating at nearly equal rotary speeds 
and the drive force on the front wheel increases when 
the drive force of the rear wheel lowers as when the rear 
wheel spins. 

[0029] A front and rear wheel drive type of vehicle of 
claim 8 is based on the same of claim 1 wherein a run 
mode switching means is provided for switching be- 
tween a run mode of running with the rear wheel only 
driven and a run mode of both the front and rear wheels 
driven. 

[0030] According to the invention, all the power can 
be transmitted to the rear wheel by choosing the run 
mode of producing the drive force on the rear wheel only 
when running on a paved road or the like. 
[0031] A front and rear wheel drive type of vehicle of 
claim 9 is based on the same of claim 1 wherein a blad- 
der made in a bag shape of rubber and filled with a high 
pressure gas is installed to a housing constituting part 
of the working oil passage to constitute a pressurizing 
means. 

[0032] According to the invention, since the pressu- 
rizing means can be constituted with two components, 
the bladder and the housing, the constitution of the pres- 
surizing means is simple. 

[0033] A front and rear wheel drive type of vehicle of 
claim 10 is based on the same of claim 1 wherein the 
pressurizing means is formed with a cylinder in which a 
high pressure gas chamber and a working oil chamber 
are defined with a free piston. 

[0034] According to the invention, since the cylinder 
and the piston can be made of metal, the degree of free- 
dom in setting the pressure is increased in comparison 
with the constitution using the bladder. 
[0035] A front and rear wheel drive type of vehicle of 
claim 11 is based on the same of claim 1 wherein the 



hydraulic circuit is constituted with; a pump unit having 
a hydraulic pump, a motor unit having a hydraulic motor, 
a hydraulic unit having a pressurizing means, an oil filter, 
and valves, with the oil filter attached to the housing of 
5 the hydraulic unit to form a single body, and with the 
valves attached to at least one of the three units to form 
a single body. 

[0036] According to the invention, relatively small 
auxiliary components of the front wheel drive system 

10 such as the oil filter and the valves and relatively large 
components such as the hydraulic pump, hydraulic mo- 
tor, and hydraulic unit can be made into units and mount- 
ed on the vehicle body. Therefore, it is possible to install 
all the components of the front wheel drive system in the 

15 vehicle body by mounting the three units, the pump unit, 
motor unit, and hydraulic unit on the vehicle body and 
interconnecting the units through piping. 
[0037] A front and rear wheel drive type of vehicle of 
claim 12 is based on the same of claim 9 wherein the 

20 oil filter and the pressurizing means are placed side by 
side close to and longitudinally parallel to each other in 
the housing of the hydraulic unit, with a working oil inlet 
and a working oil outlet provided on the longitudinal end 
of the housing. 

25 [0038] According to the invention, since piping can be 
laid parallel to the longitudinal direction of the hydraulic 
unit housing, the piping does not protrude extremely 
from the housing. 

[0039] A front and rear wheel drive type of vehicle of 
30 claim 13 is based on the same of claim 12 wherein the 
working oil inlet and the working oil outlet are disposed 
on the end side of the oil filter, and a relief valve is dis- 
posed on the end side of the pressurizing means. 
[0040] According to the invention, the piping and the 
35 relief valve can be interconnected utilizing a wide side 
wall formed on the longitudinal end of the housing in 
which relatively large-sized oil filter and pressurizing 
means are housed. 

[0041] A front and rear wheel drive type of vehicle of 
40 claim 14 is based on the same of claim 1 wherein, the 
front wheel hub is formed in the shape of a bottomed 
cylinder having acylindrical portion and a bottom portion 
so that the hub is formed with a cylindrical recess which 
is open to one side, the bottom portion is supported for 
45 rotation on a wheel shaft through a bearing, a disk- 
shaped cover for closing the cylindrical recess is se- 
cured to the wheel shaft, a hydraulic motor for driving 
the front wheel is supported with the cover and the out- 
put shaft of the hydraulic motor engages through gears 
50 with the hub within the cylindrical recess closed with the 
cover, the outside circumferential portion of the cover is 
positioned in the boundary portion between the cylindri- 
cal portion and the bottom portion, a labyrinth seal is 
formed between the outside circumferential portion of 
55 the cover and the cylindrical portion, and a seal member 
is interposed in a position between the outside circum- 
ferential portion of the cover and the hub and nearer to 
the bottom portion than the labyrinth seal. 
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[0042] According to the invention, since the seal 
member is in the deepest position from one side to the 
other of the hub, small stones and projections on the 
road do not directly strike the seal member. Moreover, 
since the labyrinth seal is formed outside the seal mem- 5 
ber, even if muddy water enters the cylindrical recess of 
the hub, the seal member is sealed with the labyrinth 
seal. Furthermore, since the seal member and the lab- 
yrinth seal are located in the deep position, and the end 
of the hub in the axial direction does not project side- 10 
ways, the hub is made compact in the vehicle width di- 
rection. 

[0043] A front and rear wheel drive type of vehicle of 
claim 15 is based on the same of claim 14 wherein the 
gear engagement portion of the hydraulic motor and the 15 
hub is located close to the cover. 
[0044] According to the invention, since the hydraulic 
motor can be supported near the gear engagement por- 
tion, the hydraulic motor can be supported firmly. 
[0045] A front and rear wheel drive type of vehicle of 20 
claim 1 6 is based on the same of claim 1 4 wherein the 
bearing for supporting the hub is constituted as a double 
row rolling bearing. 

[0046] According to the invention, work of installing 
the hub on the wheel shaft becomes simple. Also, the 25 
boss of the hub through which the wheel shaft passes 
is made relatively short and so the weight of the hub is 
reduced. 

[0047] A front and rear wheel drive type of vehicle of 
claim 17 is based on the same of claim 1 wherein two, 30 
right and left front wheels are provided, each provided 
with a hydraulic motor for driving each wheel independ- 
ently. 

[0048] According to the invention, unlike the conven- 
tional front and rear wheel drive type of four-wheeled 35 
vehicle, drive shafts for driving the front wheels and a 
differential are unnecessary. Moreover, since each right 
or left front wheel is driven independently with each hy- 
draulic motor, a differential-lock state can be easily es- 
tablished, making a complicated differential lock mech- 40 
anism unnecessary. 

[0049] A front and rear wheel drive type of vehicle of 
claim 18 is based on the same of claim 17 wherein a 
hydraulic pump set comprises a hydraulic pump for driv- 
ing the hydraulic motor for the left front wheel and a hy- 45 
draulic pump for driving the hydraulic motor for the right 
front wheel, and working oil supply passages for sup- 
plying working oil from those hydraulic pumps to the re- 
spective hydraulic motors are provided independently 
on right and left sides. 50 
[0050] According to the invention, the front wheels on 
the right and left sides of the vehicle body are driven 
with hydraulic pressures respectively of separate hy- 
draulic pumps. 

[0051] A front and rear wheel drive type of vehicle of 55 
claim 19 is based on the same of claim 17 wherein a 
single hydraulic pump is employed and a flow rate 
equally dividing means is interposed in the middle posi- 



tion on the working oil passage for supplying working oil 
from the hydraulic motor to hydraulic motors for the right 
and left front wheels. 

[0052] According to the invention, since the single hy- 
draulic pump can drive both of the right and left front 
wheels, the number of components is reduced, and a 
differential-lock state is easily established. 
[0053] A front and rear wheel drive type of vehicle of 
claim 20 is based on the same of claim 1 7 wherein work- 
ing oil is returned from the hydraulic motors for the right 
and left front wheels through working oil recovery cir- 
cuits to the hydraulic pumps, with part of the working oil 
recovery circuits is made for use in common for right 
and left, and with the common part provided with hy- 
draulic auxiliary devices for use in common. 
[0054] According to the invention, the hydraulic aux- 
iliary device can be used in common for right and left 
sides while employing the constitution of driving the right 
and left front wheels with hydraulic pressure. 
[0055] A front and rear wheel drive type of vehicle of 
claim 21 is based on the same of claim 17 wherein an 
opening-closing valve for differential lock is provided for 
independently operating the hydraulic motors for the 
right and left front wheels. 

[0056] According to the invention, with the differential 
lock opening-closing valve, the hydraulic motors for the 
right and left front wheels may be independently oper- 
ated. This makes it possible, even in case one front 
wheel spins in the mud or the like, to continue running 
with the drive force of the other front wheel. 
[0057] A front and rear wheel drive type of vehicle of 
claim 22 is based on the same of claim 1 wherein the 
engine power is transmitted through a mechanical trans- 
mitting means to the rear wheel to be driven. 
[0058] A front and rear wheel drive type of four- 
wheeled vehicle of the invention may be realized by re- 
placing only the structure of the front wheel drive system 
of conventional front and rear wheel drive type of vehicle 
or conventional small-sized four-wheeled vehicle with 
the structure of the hydraulic motor-driven type. 

Brief Description of Figures 

[0059] 

FIG. 1 roughly shows a constitution of a front and 
rear wheel drive type of vehicle of this invention. 
FIG. 2 shows a constitution of a hydraulic circuit of 
the first embodiment. 

FIG. 3 is a rough left side view of the front and rear 
wheel drive type of motorcycle of the first embodi- 
ment. 

FIG. 4 is a rough right side view of the front and rear 
wheel drive type of motorcycle of the first embodi- 
ment. 

FIG. 5 is a rough front view of the front and rear 
wheel drive type of motorcycle of the first embodi- 
ment. 
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FIG. 6 is a rough rear view of the front and rear 
wheel drive type of motorcycle of the first embodi- 
ment. 

FIG. 7 is a cross-sectional view of a hydraulic unit 
interposed in the hydraulic system of the first em- 5 
bodiment. 

FIG. 8-A is a cross-sectional view in the fully closed 
state of an opening-closing valve for hydraulic con- 
trol of the first embodiment. 

FIG. 8-B is a cross-sectional view in the fully open 10 
state of the opening-closing valve for hydraulic con- 
trol of the first embodiment. 
FIG. 9 is a front view of the hydraulic unit of the first 
embodiment. 

FIG. 1 0 is a rough cross-sectional view of the front 15 
wheel hub of the first embodiment. 
FIG. 11 is a cross-sectional view of the front hub of 
the first embodiment. 

FIG. 12 is an enlarged cross-sectional view of an 
essential part of the hub of the first embodiment. 20 
FIG. 13 is a cross-sectional view of the front hub of 
the second embodiment. 

FIG. 1 4 is a left side view of the front and rear wheel 
drive type of motorcycle of the second embodiment. 
FIG. 15 is a right side view of the front and rear 25 
wheel drive type of motorcycle of the second em- 
bodiment. 

FIG. 16 is a cross-sectional view of the hydraulic 
unit of the second embodiment. 

FIG. 1 7 is a constitution diagram of a hydraulic cir- 30 
cuit of the third embodiment. 
FIG. 18 is a cross-sectional view of an example of 
mounting a hydraulic pump of the third embodi- 
ment. 

FIG. 19 is a cross-sectional view of an example of 35 
mounting a hydraulic pump of the third embodi- 
ment. 

FIG. 20 is a constitution diagram of a hydraulic cir- 
cuit of the fourth embodiment. 

FIG. 21 is a rough oblique view of a small four- 40 
wheeled vehicle for running on irregular terrain of 
the fourth embodiment. 

FIG. 22 is an oblique view showing the constitution 
of the front wheel drive system of the fourth embod- 
iment. 45 
FIG. 23 is a diagram of the hydraulic circuit of the 
front wheel drive system of the fourth embodiment, 
in the state of forward run with the differential 
locked. 

FIG. 24 is the diagram of the hydraulic circuit of the 50 
front wheel drive system of the fourth embodiment, 
in the state of forward run with the differential un- 
locked. 

FIG. 25 is the diagram of the hydraulic circuit of the 
front wheel drive system of the fourth embodiment, 55 
in the state of being shifted from the forward run 
state to the reverse run state. 
FIG. 26 is the diagram of the hydraulic circuit of the 



front wheel drive system of the fourth embodiment, 
in the state of reverse run with the differential 
locked. 

FIG. 27 is the diagram of the hydraulic circuit of the 
front wheel drive system of the fourth embodiment, 
in the state of reverse run with the differential un- 
locked. 

FIG. 28 is the diagram of the hydraulic circuit of the 
front wheel drive system of the fourth embodiment, 
in the state of forward run with only the rear wheels 
driven. 

FIG. 29 is the diagram of the hydraulic circuit of the 
front wheel drive system of the fourth embodiment, 
in the state of reverse run with only the rear wheels 
driven. 

FIG. 30A is a cross-sectional view for explaining the 
operation of a spool valve of the fourth embodiment, 
in the forward run state. 

FIG. 30B is a cross-sectional view for explaining the 
operation of the spool valve of the fourth embodi- 
ment, in the state between forward run and reverse 
run. 

FIG. 30C is across-sectional view for explaining the 
operation of the spool valve of the fourth embodi- 
ment, in the reverse run state. 
FIG. 31 is the constitution diagram of the hydraulic 
circuit of the fifth embodiment. 
FIG. 32 is the hydraulic circuit diagram of the fifth 
embodiment, in the forward run state with the differ- 
ential locked. 

FIG. 33 is the hydraulic circuit diagram of the fifth 
embodiment, in the forward run state with the differ- 
ential unlocked. 

FIG. 34 is the hydraulic circuit diagram of the fifth 
embodiment, in the reverse run state with the differ- 
ential locked. 

FIG. 35 is the hydraulic circuit diagram of the fifth 
embodiment, in the reverse run state with the differ- 
ential unlocked. 

FIG. 36 shows a hydraulic circuit of the fifth embod- 
iment, in the forward run state with only the rear 
wheels driven. 

FIG. 37 shows a hydraulic circuit of the fifth embod- 
iment, in the reverse run state with only the rear 
wheels driven. 

The Best Form of Embodying the Invention 

[0060] The constitution of the front and rear wheel 
drive type of vehicle of this invention will be described 
in reference to FIG. 1 . 

[0061] The front and rear wheel drive type of vehicle 
of this invention comprises; a hydraulic pump 1 00, a hy- 
draulic motor 1 01 connected to the hydraulic pump 1 00, 
and a pressurizing means 102 interconnecting the hy- 
draulic pump 1 00 and the hydraulic motor 1 01 , with the 
three components constituting a closed circuit 103. 
[0062] The hydraulic pump 100 is constituted to be 
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driven with a power source 104 mounted on a vehicle 
body (not shown) and to rotate synchronously with a 
rear wheel (not shown). The power source 1 04 is an en- 
gine or an electric motor mounted on the vehicle body. 
Incidentally, the concept of the front and rear wheel drive 
type of vehicle of this invention includes motorcycles, 
motor-tricycles, and small-sized four-wheeled vehicles. 
[0063] As working oil under pressure is supplied from 
the hydraulic pump 100 to the hydraulic motor 101, its 
output shaft 105 rotates to drive the front wheel 106 
gear-connected to the output shaft 105. The pressuriz- 
ing means 102 is for raising the hydraulic pressure in 
the closed circuit 103 and is interposed between the 
suction side of the hydraulic pump 100 and the dis- 
charge side of the hydraulic motor 101. The pressurizing 
means 1 02 may be alternatively interposed between the 
delivery side of the hydraulic pump 1 00 and the suction 
side of the hydraulic motor 1 01 as shown with the phan- 
tom line in FIG. 1 . 

[0064] Interposing the pressurizing means 102 in the 
closed circuit 1 03 to pressurize working oil as described 
above prevents cavitation from occurring even if the rev- 
olution of the hydraulic pump 1 00 increases rapidly. That 
is, cavitation is prevented without providing a large res- 
ervoir for storing working oil. 

[0065] Embodiments of the front and rear wheel drive 
type of vehicle of this invention will be hereinafter de- 
scribed in reference to appended drawings. Examples 
of applying this invention to the motorcycle are de- 
scribed by means of the first to the third embodiments, 
and examples of applying this invention to the small- 
sized four-wheeled vehicle are explained by means of 
the fourth and fifth embodiments. 

First Embodiment 

[0066] An embodiment of this invention as applied to 
the motorcycle is described in detail in reference to 
FIGs. 2 to 12. 

[0067] FIG. 2 shows a constitution of a hydraulic cir- 
cuit. FIG. 3 is a rough left side view of the front and rear 
wheel drive type of motorcycle. FIGs. 4, 5, and 6 are 
right side, front, and rear views, respectively, of the 
same motorcycle. FIG. 7 is a cross-sectional view of a 
hydraulic unit interposed in the hydraulic system. FIG. 
8 shows the section VIII-VIII of the hydraulic control 
opening-closing valve in FIG. 7, with FIG. 8-A showing 
the fully closed state, and with FIG. 8-B showing the fully 
open state. FIG. 9 is a front view of the hydraulic unit. 
FIG. 10 is a rough cross-sectional view of the front wheel 
hub. FIG. 11 is a cross-sectional view of the front hub. 
FIG. 1 2 is an enlarged cross-sectional view of an essen- 
tial part of the hub. 

[0068] As shown in FIG. 2, the front and rear wheel 
drive type of motorcycle of this embodiment comprises; 
a hydraulic pump 5, a hydraulic motor 7 for driving the 
front wheel and connected to the delivery side of the hy- 
draulic pump 5, and a pressurizing means 31 intercon- 



necting the discharge side of the hydraulic motor 7 and 
the suction side of the hydraulic pump 5, with the hy- 
draulic pump 5, the hydraulic motor 7 for driving the front 
wheel, and the pressurizing means 31 constituting a 

5 closed circuit. Incidentally, although not shown, the 
pressurizing means 31 may be interposed between the 
working oil delivery port 5c of the hydraulic pump 5 and 
the working oil inlet 7a of the hydraulic motor 7. 
[0069] The hydraulic pump 5 is constituted to be driv- 

10 en with an engine 2. The hydraulic motor 7 is disposed 
in the hub portion of the front wheel 6. The pressurizing 
means 31 is constituted to pressurize working oil in the 
(closed) hydraulic circuit. 

[0070] Further details of the front and rear wheel drive 

15 type of motorcycle comprising the above-mentioned 
components will be described below. 
[0071] As shown in FIGs. 2 to 12, the front and rear 
wheel drive type of motorcycle of this embodiment is 
provided with the symbol 1 . The front and rear wheel 

20 drive type of motorcycle 1 is constituted as follows: The 
power of the engine 2 is transmitted through a chain 3 
to the rear wheel 4. At the same time, hydraulic pressure 
is applied to the hydraulic motor 7 of the front wheel 6 
by means of the engine-driven type of hydraulic pump 

25 5, and the hydraulic motor 7 drives the front wheel 6. 
[0072] In the figures are shown; a front fork 8 of a 
known telescopic type for supporting the front wheel 6, 
steering handlebars 9, a fuel tank 1 0, and a seat 1 1 . The 
engine 2 in this embodiment is of a four-stroke cycle, 

30 single-cylinder type, with a carburetor 12 connected to 
the vehicle body rear side of the cylinder head 2a, and 
with a an exhaust pipe 1 3 connected to the vehicle body 
front side of the cylinder head 2a. The exhaust pipe 13 
is formed to extend rearward along the right side of the 

35 vehicle body and its rear end is connected to a muffler 
14. 

[0073] The rear wheel drive system of the motorcycle 
1 is constituted in the known manner, with an output 
shaft 1 5 projecting out of the crankcase 2b and connect- 

40 ed to the rear wheel 4 through a power transmitting 
means 17 including a sprocket 16 and the chain 3. 
[0074] The front wheel drive system is constituted as 
shown in FIG. 2 with the hydraulic pump 5 on the engine 
side, a hydraulic unit 21 for controlling hydraulic pres- 

45 sure, the hydraulic motor 7, etc. Those hydraulic com- 
ponents are interposed in a closed hydraulic circuit 
made up of hydraulic passages. 

[0075] The hydraulic pump 5, as shown in FIGs. 3 and 
4, is supported on the crankcase 2b through a bracket 

50 22. The input shaft 5a (FIG. 2) of the hydraulic pump 5 
is connected to the engine output shaft 15 through a 
power transmitting means 25, for the front wheel, made 
up of sprockets 23a, 23b, and a chain 24. The sprocket 
23a on the engine output shaft 15 of the power trans- 

55 mitting means 25 for the front wheel is positioned outer 
side of the vehicle body than the sprocket 1 6 of the pow- 
er transmitting means 1 7 for the rear wheel. 
[0076] In this way, as the hydraulic pump 5 is connect- 
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ed through the power transmitting means 25 for the front 
wheel to the engine output shaft 15, the input shaft 5a 
of the hydraulic pump 5 rotates synchronously with the 
rear wheel 4. In this embodiment, a constitution is em- 
ployed in which the hydraulic pump 5 is disposed and 
supported (not shown) at the vehicle body right side end 
of the crankcase 2b to balance the weight of the power 
transmitting means 25 for the front wheel located on the 
vehicle body left side. In this constitution, the input shaft 
5a extends from one end in the vehicle width direction 
above the crankcase 2b to the other end and is rotatably 
supported through a bearing 26 on a bracket 22 secured 
to the crankcase 2b. Incidentally, the power transmitting 
means 25 for the front wheel may be of a belt-drive type. 
[0077] The hydraulic unit 21 is constituted, as shown 
in FIGs. 2 to 9, as a single unit by attaching plural mem- 
bers to a single housing 27, and as shown in FIGs. 3, 4, 
and 6, disposed on the opposite side in the vehicle width 
direction of the muffler 1 4, and supported through a stay 
28 (FIGs. 3 and 4) on the vehicle body frame 29. In this 
embodiment, the hydraulic unit 21 is disposed so that 
the hydraulic unit 21 and the muffler 14 are superim- 
posed as seen in side view. Incidentally, the hydraulic 
unit 21 and the muffler 14 are located above the rear 
wheel 4 as seen in the side direction. 
[0078] The plural members to be attached to the hy- 
draulic unit 21 are as shown in FIGs. 2 and 7, an oil filter 
30, an expansion type of pressurizing means 31 , an op- 
eration switching valve 32, a check valve 33, and a relief 
valve 34. 

[0079] The housing 27 for attaching these members 
is formed as shown in FIG. 7 elongate in the right-left 
directions in the figure, with its interior constituting a 
working oil chamber 35. 

[0080] The oil filter 30 is installed in the lower part of 
the housing 27 and a pressurizing means 31 is installed 
in the upper part of the housing 27. In one longitudinal 
(axial direction of the oil filter 30 and the pressurizing 
means 31) end part of the housing 27 are installed the 
operation switching valve 32, check valve 33, and relief 
valve 34. The oil filter 30 and the pressurizing means 31 
are placed close to each other, one over the other, with 
their axial lines parallel to each other. The working oil 
chamber 35 is constituted with the part for installing the 
oil filter 3 and the part for installing the pressuring means 
31 being in mutual communication, so that pressure 
caused with the pressurizing means 31 is propagated 
throughout the interior of the working oil chamber 35. 
[0081] The oil filter 30 is constituted to filter foreign 
matter as the working oil flows from outside to the axially 
central portion of the filter element 30a. The oil filter 30 
is supported with the housing 27 at two positions, at an 
oil outflow pipe 36 provided on one axial end of axially 
central portion and at the other end. The oil outflow pipe 
36 is connected to the working oil outlet 27a (FIG. 7) of 
the housing 27. 

[0082] The pressurizing means 31 is made as a blad- 
der 31a in a bag shape of rubber filled with air or inert 



gas under pressure, with its right hand end in FIG. 7 se- 
cured to the housing 27. The working oil in the hydraulic 
circuit of this embodiment is pressurized to about five 
(5) atm. Pressurizing in this way is for preventing cavi- 

5 tation from occurring due to decrease in suction side hy- 
draulic pressure when the revolution of the hydraulic 
pump 5 increases extremely. Constituting the pressuriz- 
ing means 31 with the two components, the bladder 31 a 
and the housing 27, as shown in this embodiment, sim- 

10 plifies its constitution. Incidentally, the pressurizing 
means 31 is not limited to the bladder (gas bag) type as 
shown here but may be of any other type, for example 
a gas piston type with one side of a free piston facing 
working oil while the other side facing a high pressure 

15 gas chamber to pressurize the working oil. In case the 
gas piston type of constitution is employed, the pressu- 
rizing means 31 is made up of a cylinder in which a high 
pressure gas chamber and a working oil chamber are 
defined with a free piston. When this constitution is em- 

20 ployed, since the cylinder and the free piston may be 
made of metal, a higher degree of freedom can be pro- 
vided in setting the pressure in comparison with the con- 
stitution employing the bladder 31a. 
[0083] Here, the constitution of the hydraulic circuit of 

25 the front wheel drive system will be described in refer- 
ence to FIG. 2. 

[0084] The hydraulic pump 5 for supplying hydraulic 
pressure to the hydraulic circuit is of the axial plunger 
type, known as the so-called swash-plate pump, with the 

30 working oil outlet 27a of the hydraulic unit 21 connected 
to the working oil suction port 5b through the first work- 
ing oil return passage 37. The operation switching valve 
32 is interposed in the middle of the first working oil re- 
turn passage 37. 

35 [0085] The working oil delivery port 5c of the hydraulic 
pump 5 is connected to the working oil inlet 7a of the 
hydraulic motor 7 through a working oil supply passage 
38 made up of a flexible hydraulic hose, etc. The middle 
part of the working oil supply passage 38 is connected 

40 through a bypass passage 39 to the hydraulic unit 21 . 
[0086] The hydraulic motor 7 is of the axial plunger 
type, known as the so-called swash-plate motor. As 
shown in FIGs. 10 to 12, the output shaft 40 of the hy- 
draulic motor 7 projects from its one end, and engages 

45 through gears with a hub 41 (to be described later) of 
the front wheel 6. The hydraulic motor 7 is supported on 
a disk-shaped covers 43 secured to the wheel shaft 42 
of the front wheel 6. When hydraulic pressure is supplied 
to the hydraulic motor 7 and its output shaft 40 is rotated, 

50 the rotation is transmitted through the gear engagement 
to the hub 41 , so that the front wheel 6 is propelled. 
[0087] This embodiment is constituted that, when the 
front and rear wheels are rotating about the same rev- 
olution, the hydraulic motor 7 rotates synchronously with 

55 the front wheel 6 in the state of hydraulic pressure being 
supplied. That is to say, when the revolutions of the front 
and rear wheels are about the same each other, driving 
force is not produced on the front wheel even if the hy- 
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draulic motor 7 is rotated with the hydraulic pressure. 
[0088] As shown in FIG. 1 1 , the housing 44 of the hy- 
draulic motor 7 is shaped to bend by an obtuse angle 
like a letter V turned by 90 degrees as seen in side view, 
so that part of it protruding toward the right hand side of 
the vehicle body is not in the way of the front fork 8. 
Incidentally, in this embodiment, the hydraulic motor 7 
is shaped not to project radially outside the hub 41 as 
seen from the side of the vehicle body. 
[0089] The housing 44 of the hydraulic motor 7 is pro- 
vided with a working oil inlet 7a (FIG. 2) and a working 
oil outlet 7b in positions more toward the rear of the ve- 
hicle body than the front fork 8. The working oil outlet 
7b, as shown in FIG. 2, is connected through a second 
working oil return passage 45 to the working oil chamber 
35 of the of the hydraulic unit 21. Working oil flowing 
from the hydraulic motor 7 through the second working 
oil return passage 45 toward the hydraulic unit 21 flows 
through the working oil inlet 27b formed in the lower part 
of the housing 27 into the working oil chamber 35. The 
working oil inlet 27b and the working oil inlet 27a are 
provided near one end of the oil filter 30 in the housing 
27. 

[0090] The working oil passage 38 and the second 
working oil return passage 45 are made of flexible hy- 
draulic hose or the like, routed along the front fork 8, and 
connected to the working oil inlet 7a and the outlet 7b 
of the hydraulic motor 7 (not shown). 
[0091] The bypass passage 39 as shown in FIG. 2 is 
connected to the operation switching valve 32, the 
check valve 33, and the relief valve 34 of the hydraulic 
unit 21. 

[0092] The operation switching valve 32 is constituted 
to permit, in its on-state, working oil to flow only through 
the first working oil return passage 37 and, in its off- 
state, to interconnect the first working oil return passage 
37 and the bypass passage 39. This operation switching 
valve 32 constitutes the running mode switching means 
of this invention. That is to say, in its on-state, of the 
ports A to C shown in FIG. 2, only the ports A and C are 
interconnected and in its off-state, all the ports A to C 
are mutually, connected. 

[0093] As a result, when the operation switching valve 
32 is set to the on-state, working oil from the hydraulic 
pump 5 circulates through the hydraulic route constitut- 
ed with the hydraulic motor 7, and the components in 
the hydraulic unit 21, namely the working oil chamber 
35, the oil filter 30, and the operation switching valve 32, 
to rotate the hydraulic motor 7. In case the rear wheel 4 
and the front wheel 6 rotate at approximately the same 
speed, the front wheel 6 is not driven with the hydraulic 
motor 7, and so the motorcycle 1 is driven with only the 
drive power on the rear wheel. When the rear wheel 4 
races as when running in the mud for instance, drive 
force is produced on the front wheel 6, with the hydraulic 
motor 7 serving as a power source, and the rotation of 
the front wheel 6 enables the vehicle to get out of the 
mud. The hydraulic motor 7 may be alternatively consti- 



tuted that, when the operation switching valve 32 is set 
to the on-state, working oil is supplied in such a manner 
that a very small drive force, smaller than the rear wheel 
drive force, is exerted on the front wheel 6. With this 

5 constitution, a very small drive force is produced on the 
front wheel 6 when the revolutions of the front and rear 
wheels 6 and 4 are approximately the same. Therefore, 
the moment the rear wheel drive force decreases, as 
when the rear wheel 4 spins, the small drive force of the 

10 front wheel 6 immediately takes effect and increases, 
and that rapidly. In other words, it is possible to increase 
the front wheel drive force rapidly with quick response. 
[0094] On the other hand, when the operation switch- 
ing valve 32 is set to the off-state, since the working oil 

15 supply passage 38 and the first working oil return pas- 
sage 37 are interconnected through the bypass pas- 
sage 39 and the operation switching valve 32, hydraulic 
pressure supplied to the hydraulic motor 7 decreases, 
and the front wheel 6 is not driven with the hydraulic 

20 motor 7. Therefore, when the operation switching valve 
32 is set to the off-state while the vehicle is running, the 
vehicle is switched to the rear wheel drive state, like the 
ordinary motorcycle. Even in the state of the rear wheel 
drive, since the hydraulic motor 7 rotates together with 

25 the front wheel 6, working oil also circulates through the 
hydraulic route constituted in the sequence from the hy- 
draulic pump 5 through the working oil supply passage 
38, the hydraulic motor 7, and the hydraulic unit 21 , to 
the first working oil return passage 37. 

30 [0095] A concrete constitution of the operation switch- 
ing valve 32 is described below in reference to FIGs. 7 
and 8. The operation switching valve 32 comprises; a 
valve housing 49 attached through two connection pipes 
47 and 48 to the housing 27, and a valve body 50 fitted 

35 into for vertical reciprocating movement and supported 
with the valve housing 27. 

[0096] Of the two connection pipes 47 and 48, the low- 
er-located one 47 is screw-attached to the housing 49 
in advance. The upper-located connection pipe 48 is 

40 passed through the valve housing 49 through packings 
48a and screwed into the housing 27, so that the valve 
housing 49 is secured to the housing 27. At this time, 
the other end of the connection pipe 47 is fitted into the 
working oil outlet 27a of the housing 27. The lower-lo- 

45 cated connection pipe 47 constitutes part of the first 
working oil return passage 37, while the upper-located 
connection pipe 48 constitutes part of the bypass pas- 
sage 39. The rest parts of the first working oil return pas- 
sage 37 and the bypass passage 39 are made of flexible 

50 hydraulic hoses or the like. Metallic pipes may also be 
used as a matter of course. 

[0097] The valve housing 49, as shown in FIG. 8, 
forms a first communication passage 51 communicating 
with the first working oil return passage 37, and a second 
55 communication passage 52 communicating with the by- 
pass passage 39, and also a valve fitting hole 53 inter- 
connecting these communication passages 51 and 52. 
A valve body 50 is placed for reciprocal movement in 
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the valve fitting hole 53. 

[0098] The valve body 50 is, as shown in FIG. 8, con- 
nected at its upper end to an operation cable 54. When 
the valve body 50 is moved down as shown in FIG. 8-A, 
the valve fitting hole 53 between the communication 
passages 51 and 52 is closed. When the valve body 50 
is moved up as shown in FIG. 8-B, the communication 
passages 51 and 52 are interconnected through the 
valve fitting hole 53. The operation cable 54 is connect- 
ed to a switching lever 55 provided on the grip portion 
of the steering handlebar 9 as shown in FIGs. 5 and 6. 
That is, the operation switching valve 32 may be set to 
the on- or off-state by operating the switching lever 55. 
This mechanism is convenient for the rider to optionally 
switch and drive. 

[0099] The check valve 33 is of the ball type inter- 
posed, as shown in FIG. 7, between the upper-located 
connection pipe 48 of the operation switching valve 32 
and the working oil chamber 35 in the housing 27 to per- 
mit working oil to flow only in the direction from the work- 
ing oil chamber 35 to the connection pipe 48. With the 
check valve 33 interposed as described above, even if 
the rear wheel 4 locks as brake is applied to the rear 
wheel 4 on a sharp curve for example and the hydraulic 
pump 5 stops, the front wheel 6 rotates freely and the 
vehicle can run through the curve without problem. 
[0100] That is to say, even if the hydraulic pump 5 
locks and the supply of working oil from the hydraulic 
pump 5 to the hydraulic motor 7 stops, since working oil 
is supplied from the working oil chamber 35 through the 
check valve 33 to the hydraulic motor 7, the front wheel 
6 and the hydraulic motor 7 can rotate freely. 
[0101] The relief valve 34, as shown in FIG. 7, is a 
spring-forced type comprising a valve body 56 support- 
ed for vertical up and down movement relative to the 
housing 27, a coil spring 57 for forcing the valve body 
56 in the closing direction, and an adjusting screw 58 
for setting the pressure at which the relief valve 34 
opens, and is interposed between the bypass passage 
39 (located between the check valve 33 and the con- 
nection pipe 48) and the working oil chamber 35 (located 
in the housing 27). In this embodiment, the relief valve 
34 is disposed in the vicinity of an end of the pressurizing 
means 31 located in the housing 27. 
[0102] The relief valve 34 is constituted to be opened 
when the pressure in the bypass passage 30, namely 
the pressure in the working oil supply passage 38, ex- 
ceeds a preset value (for example several hundred atm) 
to permit working oil to flow out from the bypass passage 
39 to the working oil chamber 35. 
[0103] With the relief valve 34 is provided as de- 
scribed above, even if the revolution of the hydraulic 
pump 5 increases extremely as due to racing of the rear 
wheel 4 in the mud, while the front wheel 6 is still gripping 
the road surface, since hydraulic pressure is released 
toward the working oil chamber 35 when the hydraulic 
pressure exceeds the preset value, the hydraulic circuit 
such as the working oil supply passage 38 is protected 



from being damaged. 

[01 04] The front wheel hub 41 for use in the front and 
rear wheel drive type of motorcycle of this embodiment 
is, as shown in FIGs. 11 and 12, is made in the shape 
5 of a bottomed cylinder, open to the right hand side of the 
vehicle body (left hand side in FIG. 11), having an inte- 
gral boss 41 b for the wheel shaft to pass through in the 
axially central portion of the bottom 41a. The boss 41b 
is made shorter than conventional counterpart, so that 
10 it is accommodated between one end of the hub 41 on 
the right hand side of the vehicle body and the center in 
the vehicle width direction of the front wheel 6 (shown 
with a dash-and-dotted line in FIG. 11), and rotatably 
supported with a double-row ball bearing 61 on the 
15 wheel shaft 42. A seal member 62 is interposed between 
one end of the boss 41b on the vehicle body left hand 
side (right hand side in FIG. 1 1 ) and the wheel shaft 42. 
A brake disk 63 for a disk brake is attached to one end 
of the bottom 41 a of the hub 41 on the left hand side of 
20 the vehicle body. 

[01 05] The hydraulic motor 7 is inserted from the right 
hand side of the vehicle body into the round recess S 
formed with the bottom portion 41a and the cylindrical 
portion 41c of the hub 41. An internal gear 64 fixed to 
25 the boundary portion between the bottom portion 41a 
and the cylindrical portion 41c is made to engage with 
an output gear 65 of the hydraulic motor 7. The output 
gear 65 is fixed to the output shaft 40 of the hydraulic 
motor 7. Incidentally, while this motorcycle 1 has the 
30 check valve 33 disposed in the hydraulic circuit so that 
the front wheel 6 can continue rotation even when the 
rear wheel 4 locks as braked during running, the check 
valve 33 may be omitted by interposing a one-way clutch 
(not shown) in the gear engagement portion between 
35 the hub 41 and the hydraulic motor 7 to permit rotation 
of the front wheel 6 even if the hydraulic motor 7 stops. 
[0106] The disk-shaped cover 43 for supporting the 
hydraulic motor 7 is integrally formed with a boss 66 for 
the wheel shaft 42 to pass through and with a disk 67 
40 extending radially outward from the boss 66, and locat- 
ed to close the round recess S from the right hand side 
of the vehicle body, with the disk 67 located near the 
internal gear 64 located deep inside the round recess 
S. The disk-shaped cover 43 is secured to the front fork 
45 8 through a rotation stop piece (not shown). 

[0107] The outside circumferential edge of the disk 67 
is located in the boundary portion between the bottom 
41 a and the cylindrical portion 41c of the hub 41 , more 
toward the vehicle body right hand side than the internal 
50 gear 64. A seal structure (to be described later) is inter- 
posed between the outside circumferential edge of the 
disk 67 and the inside circumferential surface of the cy- 
lindrical portion 41c to prevent entry of foreign matter 
such as muddy water and sand into the gear engage- 
rs ment portion of the hydraulic motor 7. 

[0108] The seal structure is constituted with a laby- 
rinth seal 68 and a seal member 69 as shown in FIGs. 
11 and 12. 
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[0109] The labyrinth seal 68 is constituted with a 
groove 68a formed in the outside circumferential sur- 
face 67a of the disk 67 opposite, through a small gap, 
to the inside circumferential surface of the cylindrical 
portion 41c of the hub 41. The labyrinth seal 68 is dis- 
placed slightly toward the left side of the vehicle body 
from the center, in the vehicle width direction, of the front 
wheel 6. 

[0110] The seal member 69 is disposed in the round 
recess S more toward its bottom than the labyrinth seal 
68 to be tightly in contact with the inside circumferential 
surface of the cylindrical portion 41 , and its lip 69a is in 
sliding contact with the outside circumferential surface 
of a cylindrical portion 67b formed with a diameter small- 
er than that of the portion constituting the labyrinth seal 
68 in the outside circumferential edge portion of the disk 
67. The plural holes 41 d bored in the cylindrical portion 
41 c in a circumferential row is for throwing out with cen- 
trifugal force water and muddy water entering the round 
recess S of the hub 41. On the other hand, water and 
muddy water coming from outside cannot enter the 
round recess S through the holes 41 d as the cylindrical 
portion 41c is rotating. 

[0111] The front and rear wheel drive type of motor- 
cycle 1 of this embodiment comprises as described 
above; the hydraulic pump 5 driven for interlocked mo- 
tion with the rear wheel 4, a front wheel-driving hydraulic 
motor 7 disposed near the front wheel 6 and connected 
to the hydraulic pump 5, and the pressurizing means 31 
interconnecting the front wheel-driving hydraulic motor 
7 and the hydraulic pump 5, with the hydraulic pump 5, 
the front wheel-driving hydraulic motor 7, and the pres- 
surizing means 31 constituting the closed circuit. There- 
fore, cavitation cannot occur even if the revolution of the 
hydraulic pump 5 increases rapidly because working oil 
is pressurized with the pressuring means 31 . 
[01 1 2] As a result, since cavitation is prevented with- 
out employing a large reservoir for storing working oil, 
the hydraulic circuit may be reduced in size and weight 
while preventing cavitation. Therefore, unlike the con- 
ventional front and rear wheel drive type of motorcycle 
transmitting the engine power mechanically to the front 
wheel, the vehicle body size in this embodiment may be 
reduced as the long-extending transmitting device is un- 
necessary. Therefore, a front and rear wheel drive type 
of motorcycle may be provided that is very simple in 
mechanism and has a great degree of freedom in vehi- 
cle body layout. 

[0113] Since the pressurizing means 31 is interposed 
between the suction side of the hydraulic pump 5 and 
the discharge side of the hydraulic motor 7, it is possible 
to pressurize working oil on the suction side of the hy- 
draulic pump 5 and to make cavitation all the more un- 
likely to occur. Moreover, since the pressurizing means 
31 is located in the low pressure side (on the down- 
stream side of the hydraulic motor 7) of the closed cir- 
cuit, the pressurizing means 31 used may have a rela- 
tively low strength against pressure. 



[0114] In this embodiment, since the engine 2 is used 
as the power source of the hydraulic pump 5, a front and 
rear wheel drive type of motorcycle may be easily pro- 
duced by retrofitting the components of the front wheel 
5 drive system to an existing motorcycle. Incidentally, the 
power source of the hydraulic pump 5 may be an electric 
motor in place of the engine. When this constitution is 
employed, the front wheel 6 may be driven with the hy- 
draulic pump 5 driven with the electric motor. In this way, 
10 variation in the hydraulic pressure may be held small 
and cavitation is made more unlikely to occur. 
[0115] The hydraulic motor 7 is constituted that work- 
ing oil is supplied to it so that it rotates synchronously 
with the front wheel 6, when the front and rear wheels 
15 6 and 4 are rotating about the same revolution. There- 
fore, when the revolutions of the front and rear wheels 
6 and 4 are about the same, no drive force is produced 
on the front wheel 6 even if the hydraulic motor 7 is ro- 
tated with hydraulic pressure, unless the drive force on 
20 the rear wheel 4 decreases as when the rear wheel 4 
spins. Since drive force is produced on the front wheel 
6 when drive force on the rear wheel 4 decreases, steer- 
ing force on the handlebars 9 when the front and rear 
wheels 6 and 4 rotate without difference in their revolu- 
25 tions is the same as that when only the rear wheel 4 is 
driven. Moreover, it is possible to shift smoothly and 
quickly from the running mode of driving the rear wheel 
4 only to the running mode of driving both of the front 
and rear wheels, and that without the rider feeling any 
30 shocks. 

[0116] Constituting that working oil is supplied to the 
hydraulic motor 7 so that a very small drive force smaller 
than that on the rear wheel 4 is produced when the front 
and rear wheels 6 and 4 rotate at about the same rota- 
35 tion speed causes a very small drive force produced on 
the front wheel 6 when the rotation speeds of the front 
and rear wheels 6 and 4 are about the same each other. 
Moment the drive force on the rear wheel 4 decreases 
as the rear wheel 4 spins, the small drive force on the 
40 front wheel 4 takes effect. Moreover, since the drive 
force increases rapidly, the front wheel drive force can 
be made to take effect and increase with good response. 
[0117] Since the operation switching valve 32 for 
switching between the running mode of driving the rear 
45 wheel 4 only and the running mode of driving all the front 
and rear wheels 6 and 4 is provided, fuel economy is 
improved by choosing the running mode of driving the 
rear wheel 4 only on a paved road or the like, so that all 
the power is transmitted to the rear wheel. 
50 [0118] Since the pressurizing means 31 is made by 
installing the bladder 31 a made of rubber in a bag shape 
and filled with high pressure gas in the housing 27 con- 
stituting part of the working oil passage, the constitution 
of the pressurizing means 31 is simplified by the use of 
55 only the two components, the bladder 31 and the hous- 
ing 27. 

[0119] In case the constitution is employed in which 
the pressurizing means 31 comprises acylinder in which 
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a high pressure gas chamber and a working oil chamber 
are defined with a free piston, the degree of freedom in 
setting the pressure is greater in comparison with the 
constitution using the bladder 31 a because the cylinder 
and the free piston can be made of metal. 
[0120] The hydraulic circuit is constituted with; the 
pump unit having the hydraulic pump 5, the motor unit 
having the hydraulic motor 7, the hydraulic unit 21 hav- 
ing the pressurizing means 31, the oil filter 30, and 
valves, with the oil filter 30 attached to the housing 27 
of the hydraulic unit 21 to form a single body, and with 
the valves attached to the hydraulic unit 21 to form a 
single body. Therefore, unlike the conventional front and 
rear wheel drive type of motorcycle in which relatively 
small auxiliary devices of the front wheel drive system 
are mounted individually on the vehicle body, the piping 
and support brackets for the piping are unnecessary. 
This simplifies the work of attaching the front wheel drive 
system components to the vehicle body and the work of 
maintenance too. Moreover, costs for the auxiliary de- 
vice piping and their brackets are reduced. 
[0121] Since the oil filter 30 and the pressurizing 
means 31 are placed side by side close to and longitu- 
dinally parallel to each other in the housing 27 of the 
hydraulic unit 21 , even the constitution of accommodat- 
ing relatively large two components is made compact. 
Moreover, since the working oil inlet27b and the working 
oil outlet 27a are provided on the longitudinal end of the 
housing 27, the piping may be located and connected 
in the direction of increasing the length of the hydraulic 
unit 21 . As shown with this embodiment, the oil filter 30 
and the pressurizing means 31 are placed in over and 
under relation and that the longitudinal direction of the 
hydraulic unit 21 is parallel to the longitudinal direction 
of the vehicle body. This makes it possible to compactly 
mount the hydraulic unit 21 on the side portion of the 
vehicle body, and to make the constitution of the front 
wheel drive system all the more compact. 
[0122] Since the working oil inlet 27b and the working 
oil outlet 27a are located on one end of the oil filter 30 
and the relief valve 34 is located on one end side of the 
pressurizing means 31, the piping and the relief valve 
34 may be connected utilizing a broad side wall formed 
at the longitudinal end portion of the housing 27 accom- 
modating relatively large oil filter 30 and pressurizing 
means 31 . As a result, the piping and the relief valve 34 
may be connected firmly while reducing the arrange- 
ment size. 

[0123] Owing to the following constitution, small 
stones and projections on the road do not hit directly the 
seal member 69: The hub 41 of the front wheel 6 is 
formed in the bottomed cylindrical shape with the cylin- 
drical portion 4 1 c and the bottom portion 41 a to form the 
round recess S that is open on one side. The bottom 
portion 41a is bearing-supported for rotation on the 
wheel shaft 42. The disk-shaped cover 43 for closing 
the round recess S is secured to the wheel shaft 42. The 
front wheel-driving hydraulic motor 7 is supported with 



the cover 43. The output shaft 40 of the hydraulic motor 
7 is made to engage through gears with the hub 41 with- 
in the round recess S closed with the cover 43. The out- 
side circumferential edge of the cover 43 is positioned 
5 in the boundary area between the cylindrical portion 41c 
and the bottom portion 41a. The labyrinth seal 68 is 
formed between the outside circumferential edge of the 
cover 43 and the cylindrical portion 41c. And the seal 
member 69 is interposed in the gap between the outside 
circumferential edge of the cover 43 and the cylindrical 
portion 41c, nearer to the bottom portion 41a than the 
labyrinth seal 68. Moreover, since the labyrinth seal 68 
is formed outside the seal member 69, even if muddy 
water enters the round recess S of the hub 41 , the seal 
member 69 can be isolated with the labyrinth seal 68. 
Since the seal member 69 and the labyrinth seal 68 are 
located in a deep position and the axial direction end of 
the hub does not project sideways, the hub 41 is made 
compact in the vehicle width direction. 
[0124] Since the gear engagement portion of the hy- 
draulic motor 7 and the hub 41 is positioned close to the 
cover 43, it is possible to support the hydraulic motor 7 
in the vicinity of the gear engagement portion and that 
firmly. 

[0125] Since the double row rolling bearing is used as 
the bearing 61 for supporting the hub 41, the work of 
attaching the hub 41 to the wheel shaft 42 is simple. Also 
it is possible to make the boss 41 b of the hub 41 for the 
wheel shaft 42 to pass through is made relatively short, 
so that the weight of the hub 41 is reduced. 
[01 26] Since the constitution is employed in which the 
engine power is transmitted through the rear wheel-driv- 
ing power transmitting means 1 7 to the rear wheel 4 to 
be driven, the front and rear wheel drive type of motor- 
cycle 1 of this embodiment is easily fabricated by replac- 
ing only the front wheel drive mechanism of the conven- 
tional rear wheel drive type of motorcycle with the hy- 
draulic motor drive type of mechanism. 
[0127] Since the auxiliary devices of the front wheel 
drive system are collected in the single hydraulic unit 
21 , the degree of freedom in choosing the mounting po- 
sition is increased. That is to say, as shown with this 
embodiment, it is possible to locate the hydraulic unit 21 
on the side that is opposite the muffler 14 in the vehicle 
width direction to balance the weight in that direction. 
Although not shown, it is alternatively possible to dis- 
pose the hydraulic unit 21 in the vicinity of the engine 2. 
Employing this constitution makes it possible to arrange 
heavy components (the engine 2, the hydraulic pump 5, 
and the hydraulic unit 21) collectively within a small area 
near the center of gravity of the vehicle body. As shown 
with this embodiment, another advantage is the ease of 
maintenance of the hydraulic unit 21 by disposing the 
hydraulic unit 21 opposite the muffler 14 in the vehicle 
width direction and above the rear wheel 4. 
[0128] This embodiment with the hydraulic pump 5 
mounted on the crankcase 2b makes it possible not only 
to collectively locate weights as described above but al- 
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so facilitates the connection of piping forming the work- 
ing oil supply passage 38 and the first working oil return 
passage 37. Moreover, since the hydraulic pump 5 is 
located near the engine output shaft 1 5, interconnection 
of these components is easy, and a short length of the 
chain 24 suffices for interconnecting the engine output 
shaft 15 and the hydraulic pump 5. 
[0129] Since the constitution is employed in which the 
operation switching valve 32 of the hydraulic unit 21 can 
be operated with the operation lever 55 on the steering 
handlebar 9, the switching operation can be easily made 
between the rear wheel drive run mode and the run 
mode of driving both the front wheel 6 and the rear wheel 
4 while the vehicle is running. In that case, it may be 
arranged in either way: One way is that, even if working 
oil is normally supplied from the hydraulic pump 5 to the 
hydraulic motor 7, the hydraulic motor 7 is simply rotat- 
ing synchronously with the front wheel 6 without driving 
force being transmitted from the hydraulic motor 7 to the 
front wheel 6 to result in the running with the rear wheel 
drive force only, and only when the rear wheel races as 
in the mud, the front wheel drive force is produced with 
the hydraulic motor 7 to enable the vehicle to get out of 
the mud. The other way is to produce drive forces con- 
stantly on both of the front and rear wheels 6 and 4. 

Second Embodiment 

[0130] Details of another embodiment of the front and 
rear wheel drive type of motorcycle are described in ref- 
erence to FIGs. 13 to 16. 

[0131] FIG. 13 shows a cross section of another em- 
bodiment of the front wheel hub. FIG. 14 is a left side 
view of a front and rear wheel drive type of motorcycle. 
FIG. 1 5 is a right side view of the same motorcycle. FIG. 
1 6 is across-sectional view of the hydraulic unit. In these 
figures, the components that are the same as or equiv- 
alent to those described in reference to FIGs. 2 to 12 
are provided with the same symbols, and details of them 
are not described here. 

[0132] The hub 41 of the front wheel 6 of this embod- 
iment is formed as shown in FIG. 13 with its boss 41b 
extended toward the vehicle body right side beyond the 
center, in the vehicle width direction, of the front wheel 
6, and with both ends of the boss being rotatably sup- 
ported with bearings 71 and 72, respectively. Of these 
bearings 71 and 72, the bearing 71 on the right hand 
side of the vehicle body is a needle bearing, while the 
bearing 72 on the left hand side is a single row ball bear- 
ing. 

[0133] The engine 2 of the front and rear wheel drive 
type of motorcycle 1 is of the two stroke-cycle, single 
cylinder type as shown in FIGs. 1 4 and 1 5, with the hy- 
draulic pump 5 attached to the cylinder head 2a. The 
input shaft (not shown) of this hydraulic pump 5 is, like 
in the constitution of the first embodiment, is connected 
through a chain-drive type of front wheel-driving power 
transmitting means 25 to the engine outputshaft 1 5. The 



front wheel-driving power transmitting means 25 maybe 
alternatively of the belt-drive type. 
[0134] The front and rear wheel drive type of motor- 
cycle 1 of this embodiment is not provided with the op- 
5 eration switching valve in the front wheel drive system. 
Therefore, the hydraulic unit 21 is arranged as shown 
in FIG. 16 as a single set with the housing 27 accom- 
modating the oil filter 30, the pressurizing means 31 , the 
check valve 33, and the relief valve 34. The working oil 
outlet 27a and the working oil inlet 27b of the housing 
27 are respectively connected to the hydraulic hoses 73, 
73. Even without employing the operation switching 
valve 32, there is no problem in running with both wheels 
driven. Incidentally, in this embodiment too, the check 
valve 33 may be omitted by interposing a one-way clutch 
(not shown, to permit the rotation of the front wheel 6 
even if the hydraulic motor 7 stops) in the gear engage- 
ment portion between the front wheel hub 41 and the 
hydraulic motor 7. 

Third Embodiment 

[0135] It may be arranged that the hydraulic unit 21 
includes only the oil filter 30 and the pressurizing means 
31 , with other valves separately grouped on the hydrau- 
lic pump 5 side and on the hydraulic motor 7 side. That 
is, a hydraulic system is constituted with the hydraulic 
unit 21 , the hydraulic pump unit, and the hydraulic motor 
unit, with hydraulic hoses interconnecting them. 
[0136] An example of employing the above constitu- 
tion is shown in FIG. 17. 

[0137] FIG. 1 7 shows another example constitution of 
the hydraulic circuit of the front wheel drive system. In 
the figure, the components that are the same as or 
equivalent to those described in reference to FIGs. 2 to 
12 are provided with-the same symbols and details of 
them are not described here. 

[0138] The hydraulic unit 21 shown in FIG. 17 is ar- 
ranged as a single component with the housing 27 ac- 
commodating only the oil filter 30 and the pressurizing 
means 31 . In this example, the check valve 33 is inter- 
posed between the working oil supply passage 38 and 
the second working oil return passage 45. Since the op- 
eration switching valve 32 is not provided in this motor- 
cycle 1 of this embodiment, it is shown with a phantom 
line in the figure. In case the operation switching valve 
32 is to be provided, it may be located in the phantom- 
lined position shown in FIG. 17. 

[01 39] The check valve 33 is constituted to permit the 
flow of working oil only from the second working oil re- 
turn passage 45 to the working oil supply passage 38. 
The relief valve 34 is interposed between the working 
oil supply passage 38 and the first working oil return pas- 
sage 37, and constituted to permit working oil to flow out 
to the first working oil return passage 37 when the oil 
pressure in the first working oil return passage 37 ex- 
ceeds a preset value. Incidentally, the check valve 33 
may be omitted by interposing a one-way clutch (not 
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shown, for permitting the rotation of the front wheel 6 
even if the hydraulic motor 7 stops) in the gear engage- 
ment portion between the front wheel hub 41 and the 
hydraulic motor 7. 

[0140] The relief valve 34 may alternatively inter- 
posed between the working oil supply passage 38 and 
the second working oil return passage 45 on the side of 
the hydraulic motor 7. In any case, the arrangement is 
made up of three units. In FIG. 17 are shown the hy- 
draulic pump unit 200 and the hydraulic motor unit 201 . 
[0141] While the hydraulic pump 5 shown in FIG. 17 
is located on the vehicle body right hand side on the 
crankcase 2b, it may be alternatively located differently 
as shown in FIGs. 18 and 19. 

[0142] FIGs. 18 and 19 show examples of mounting 
the hydraulic pump. Components in these figures that 
are the same as or equivalent to those described in ref- 
erence to FIGs. 2 to 1 2 are provided with the same sym- 
bols and their detailed description is omitted. 
[0143] The hydraulic pump 5 shown in FIG. 18 is lo- 
cated in the approximate center in the vehicle width di- 
rection on the crankcase 2b, with its input shaft 5a en- 
gaging through gears with the engine output shaft 15. 
Employing this constitution makes maintenance of the 
front wheel driving power transmitting device 25 unnec- 
essary, balances weights in the vehicle width direction, 
and enables concentrated positioning of weights. 
[0144] The hydraulic pump 5 shown in FIG. 19 is lo- 
cated on the left hand side end in the vehicle width di- 
rection on the crankcase 2b, with its input shaft 5a en- 
gaging with the engine output shaft 1 5 through the front 
wheel driving power transmitting device 25 of chain or 
belt drive type. 

Employing this constitution reduces length and weight 
of the input shaft 5a of the hydraulic pump 5 as practi- 
cally as possible. 

Fourth Embodiment 

[0145] Another embodiment of this invention applied 
to a small four-wheeled vehicle for running on irregular 
terrain is explained in reference to FIGs. 20 to 30. 
[0146] The constitution of the small four-wheeled ve- 
hicle for running on irregular terrain is roughly shown in 
FIG. 20. The figure is drawn in the state of the vehicle 
running forward. The small four-wheeled vehicle for run- 
ning on irregular terrain of this embodiment comprises; 
a hydraulic motor 301 for driving the front wheel 300 on 
the left hand side of the vehicle body, a hydraulic motor 
303 for driving the front wheel 302 on the right hand side 
of the vehicle body, a hydraulic pump 304 connected to 
the hydraulic motor 301 , a hydraulic pump 305 connect- 
ed to the hydraulic motor 303, and a pressurizing means 
306 interconnecting the hydraulic pumps 304, 305, and 
the hydraulic motors 301 , 303, to constitute a closed cir- 
cuit with the hydraulic pumps 304, 305, the hydraulic 
motors 301 , 303, and the pressurizing means 306. 
[0147] The left front wheel driving hydraulic motor 301 



receives supply of pressurized working oil from the left 
hydraulic pump 304 to rotate its output shaft 308 and to 
drive the left front wheel 300. The right front wheel driv- 
ing hydraulic motor 303 receives supply of pressurized 
5 working oil from the right hydraulic pump 305 to rotate 
its output shaft 309 and to drive the right front wheel 301 . 
[0148] The hydraulic pumps 304 and 305 are driven 
with a power source 31 0 such as an engine or an electric 
motor mounted on the vehicle body (not shown) and ro- 
tate as interlocked with rear wheels (not shown). 
[01 49] The pressurizing means 306 is for pressurizing 
working oil in the closed circuit 307 and in this embodi- 
ment interposed as shown in solid line in FIG. 20 be- 
tween the suction side of the hydraulic pumps 304, 305 
and the discharge side of the hydraulic motors 301 , 303. 
The pressurizing means 306 may be alternatively inter- 
posed as shown in phantom line in FIG. 20 between the 
discharge side of the hydraulic pumps 304, 305 and the 
suction side of the hydraulic motors 301 , 303. 
[01 50] Details of a concrete embodiment of the small 
four-wheeled vehicle for running on irregular terrain will 
be described below in reference to FIGs. 21 to 30. 
[0151] FIG. 21 is an oblique view roughly showing the 
constitution of the small four-wheeled vehicle of this em- 
bodiment for running on irregular terrain. FIG. 22 is an 
oblique view showing the constitution of the front wheel 
drive system. FIGs. 23 to 29 show the hydraulic circuit 
for the front wheel drive system. FIG. 23 shows the state 
of the vehicle running forward with the differential 
locked. FIG. 24 shows the state of the vehicle running 
forward with the differential unlocked. FIG. 25 shows the 
state of shifting from the forward run to the reverse run. 
[01 52] FIG. 26 shows the state of reverse run with the 
differential locked. FIG. 27 shows the state of reverse 
run with the differential unlocked. FIG. 28 shows the 
state of forward run with the rear wheel only driven. FIG. 
29 shows the state of reverse run with the rear wheel 
only driven. FIGs. 30-A, 30-B, and 30-C are cross-sec- 
tional views for explaining the operation of a spool valve 
for switching between forward run and reverse run. FIG. 
30-A shows the forward run state. FIG. 30-B shows the 
state between forward run and reverse run. FIG. 30-C 
shows the reverse run state. 

[0153] These figures show a small four-wheeled ve- 
hicle 401 of the front and rear wheel drive type for run- 
ning on irregular terrain. The small four-wheeled vehicle 
401 for running on irregular terrain is constituted as fol- 
lows: An engine 402 mounted on about the center of a 
vehicle body, and front and rear wheels 403 and 404 are 
fitted with low pressure balloon tires. Steering handle- 
bars 405 are provided in front of the engine 402 above 
the vehicle body. A seat 406 is provided above behind 
the engine 402. The steering handlebars 405 are made 
of a round bar, like that of a motorcycle. The seat 406 is 
for a rider to sit on in straddling posture. 
[0154] The engine 402 is mounted on a vehicle body 
frame (not shown) and connected to a rear wheel driving 
device (not shown) and to a front wheel driving device 
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411 to be described later. 

[0155] The rear wheel driving device is of the same 
constitution as that of conventional small four-wheeled 
vehicles for running on irregular terrain. That is, the rear 
wheel driving device is constituted with a shaft drive type 
of power transmitting device extending from the engine 
402 toward the rear of the vehicle body with its front end 
connected to the output shaft of the engine 402; and a 
single wheel shaft, extending in the vehicle width direc- 
tion, directly interconnecting right and left rear wheels 
404 attached to its both ends, and connected to the rear 
end of the power transmitting device through bevel 
gears. 

[0156] The output shaft of the engine 402 in this em- 
bodiment is located more down the power train from the 
transmission of the engine 402 to extend in the vehicle 
body width direction, and connected to the rear wheel 
driving device and the front wheel driving device 411 . 
[0157] The transmission is constituted to change 
speed in the forward run, and to switch between forward 
and reverse runs. When the transmission is switched to 
the forward run side, the output shaft rotates in the nor- 
mal direction, and when the transmission is switched to 
the reverse run side, the output shaft rotates in the re- 
verse direction. 

[0158] The front wheel driving device 411, as shown 
in FIGs. 21 and 22, comprises; an oil pump unit 412 at- 
tached to an end of the crankcase 402a on the forward 
side of the vehicle body and connected to the output 
shaft, a left hand side hydraulic motor unit 41 3 for driving 
the left front wheel 403L, a right hand side hydraulic mo- 
tor unit 41 4 for driving the right front wheel 403R, and a 
hydraulic control unit 41 5 interposed in the hydraulic cir- 
cuits between the oil pump unit 41 2 and the motor units 
413, 414. The hydraulic circuit of the front wheel driving 
device 41 1 is constituted as a closed circuit and working 
oil in the circuit is constantly pressurized with a pressu- 
rizing means 435 (FIGs. 23 to 29) to be described later. 
[0159] The oil pump unit 412 comprises two hydraulic 
pumps 416, 417, and also a speed increasing device 
(not shown) for transmitting the rotation of the output 
shaft of the engine 402 at an increased speed to both 
of the hydraulic pumps. The hydraulic pumps 416 and 
41 7 are of the axial plunger type known as the so-called 
swash-plate pump. In FIGs. 21 and 22, the hydraulic 
pump 416 located in the lower position (hereinafter 
called the left hydraulic pump) supplies hydraulic pres- 
sure to the left hydraulic motor unit 41 3 to be described 
later, and the hydraulic pump 417 located in the upper 
position (hereinafter called the right hydraulic pump) 
supplies hydraulic pressure to the right hydraulic motor 
unit 414. 

[0160] The left and right hydraulic motor units 413 and 
414 are constituted in right-left symmetry with; housings 
41 3a, 414a constituting part of the front suspension sys- 
tem and the steering system, hydraulic motors 413b, 
414b installed in the housings 413a, 414a, wheel shafts 
413c, 414c, and a speed-reduction transmission (not 



shown) installed in the housings 413a, 414a. 
[0161] The front suspension system of this embodi- 
ment is of the strut type, with the housings 413a, 414a 
serving as steering knuckles. The steering system is 
5 constituted to turn the housings 41 3a, 41 4a in right and 
left directions by rotating the steering handlebars 405 
located above the vehicle body. 

[0162] The hydraulic motor 413b of the left hydraulic 
unit 413 (hereinafter simply called left hydraulic motor) 
10 and the hydraulic motor 414b of the right hydraulic unit 

414 (hereinafter simply called right hydraulic motor) are 
of the axial plunger type known as the so-called swash- 
plate motor. Their specifications are the same as those 
of the hydraulic pumps 416 and 417, with their rotary 

15 shafts connected through the speed-reduction trans- 
mission to the wheel shafts 41 3c and 41 4c. Front wheels 
403 are attached to the wheel shafts 413c and 414c to 
rotate together. 

[0163] The left and right hydraulic motors 413b and 
20 414b are constituted to rotate synchronously with the 
front wheels 403 in the state of hydraulic pressure sup- 
plied in a running state of the front and rear wheels 403 
and 404 rotating at about the same revolution. That is 
to say, even if the hydraulic motors 413b and 414b are 
25 rotated with hydraulic pressure, no driving forces are 
produced on the front wheels 403 as long as the rotating 
speeds of the front and rear wheels 403 and 404 are the 
same each other. Incidentally, the hydraulic motors 
413b and 414b may be constituted that a very small 
30 drive force smaller than that on the rear wheels is ap- 
plied to the front wheels 403 in the above-mentioned 
running state. 

[0164] The hydraulic control unit 415 is to control the 
hydraulic pressure supplied to the hydraulic motors 
35 41 3b and 41 4b, constituted as a unit with plural compo- 
nents to be described later installed in a single housing 
415a, and supported on a vehicle body frame (not 
shown). In this embodiment, the hydraulic control unit 

415 is placed in front of the engine 402 and behind the 
40 front wheels 403. 

[0165] Here, the constitution of the hydraulic control 
unit 41 5 is explained together with the constitution of the 
hydraulic circuit of the entire front wheel driving device 
in reference to FIGs. 22 to 29. 
45 [0166] In FIGs. 23 to 29, the hydraulic circuit for driv- 
ing the left front wheel is shown on the left hand side, 
and the hydraulic circuit for driving the right front wheel 
is shown on the right hand side. 

[0167] The hydraulic control unit 415 is constituted 
50 with paired left and right hydraulic circuits 421 and 422, 
with the circuit 421 connected to the left hydraulic pump 

41 6 and the left hydraulic motor 41 3b, and with the cir- 
cuit 422 connected to the right hydraulic pump 41 7 and 
the right hydraulic motor 414b, further with a working oil 

55 recovery hydraulic circuit 423 and a 2WD-4WD switch- 
ing hydraulic circuit 424 both interposed between the 
former two circuits. 

[0168] Each of the left and right hydraulic circuits 421 
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and 422 comprises a first and a second working oil pas- 
sages 425 and 426 with their one side ends connected 
to the hydraulic pumps 41 6 and 41 7 and with their other 
side ends connected to the hydraulic motors 413b and 
41 4b, respectively. In each of the first and second work- 
ing oil passages 425 and 426 is interposed a spool valve 
27 made as a 5-port, 3-position switching valve. 
[0169] The first working oil passages 425 of the left 
and right hydraulic circuits 421 and 422 are intercon- 
nected through a first communication passage 428 on 
the hydraulic motor side of the spool valve 427. The sec- 
ond working oil passages 426 of the left and right hy- 
draulic circuits 421 and 422 are likewise interconnected 
through a second communication passage 429. In this 
embodiment, a magnetic opening-closing valve for lock- 
ing the differential is interposed in each of thefirst and 
second communication passages 428 and 429. The dif- 
ferential is locked when it is necessary to prevent differ- 
ence in rotation between the left and right front wheels 
403L and 403R. 

[0170] The left and right magnetic valves 430, 430 for 
locking the differential are made to shut off simultane- 
ously the first and second communication passages 428 
and 429 when a differential lock switch (not shown) pro- 
vided near the handlebars 405 is set to the on position, 
and to open the first and second communication pas- 
sages 428 and 429 when the differential lock switch is 
set to off position. 

[0171] The spool valve 427 is to switch the hydraulic 
circuits utilizing hydraulic pressure to establish three 
running states; a 4WD forward run state, a4WD reverse 
run state, and a 2WD run state. The spool valve 427 is 
constituted that a valve body 432 (FIG. 30) is moved 
with differential pressure between the first and second 
working oil passages 425 and 426, and forced with a 
spring 433 to a neutral position when the differential 
pressure is nonexistent or the hydraulic pressure is ze- 
ro. The spool valve 427 is connected to the upstream 
end of the working oil recovery hydraulic circuit 423 as 
well as to the first and second working oil passages 425 
and 426. 

[01 72] Concrete constitution of the spool valve 427 is 
shown in FIGs. 30-A to 30-C, in which are shown, the 
housing 431 of the spool valve 427, the valve body 432, 
and the spring 433. 

[0173] The working oil recovery hydraulic circuit 423 
is to recover working oil from the hydraulic motors 413b, 
41 4b to the hydraulic pumps 41 6, 41 7 when drive force 
is to be produced on the front wheels 403 to run. The 
upstream end of the circuit 423 is as described above 
is connected to the two spool valves 427, while its down- 
stream end is connected to the first and second working 
oil passages 425 and 426 of the left hydraulic circuit 421 
through check valves 434, and to the first and second 
working oil passages 425 and 426 of the right hydraulic 
circuit 422 through check valves 434. In this working oil 
recovery hydraulic circuit 423 are also interposed aux- 
iliary hydraulic devices such as the pressurizing means 



435, an oil cooler 436, and an oil filter 437. The pressu- 
rizing means 435, the oil cooler 436, and the oil filter 437 
are installed in a pressurizing unit housing 438 shown 
in FIGs. 21 and 22. 

5 [0174] The pressurizing means 435 is a bladder made 
in a bag shape of rubber and filled with compressed air 
or inert gas and installed in the pressurizing unit housing 
438. Working oil in the closed hydraulic circuit of the 
front wheel driving device 411 is pressurized to about 

10 several atm with the pressurizing means 435. The rea- 
son for the pressurization is to prevent cavitation from 
occurring when the hydraulic pressure on the suction 
side lowers as the revolution of the hydraulic pumps 
416, 417 increases extremely, and therefore cavitation 

15 is prevented without providing a large reservoir for stor- 
ing working oil. Incidentally, the pressurizing means 435 
is not limited to the bladder (bag) type but may be of any 
type such as the gas-piston type for pressurizing work- 
ing oil, with one side of a free piston facing working oil, 

20 while the other side facing a high pressure gas chamber. 
[0175] The 2WD-4WD switching hydraulic circuit 424 
comprises; a third communication passage 440 for in- 
terconnecting the first working oil passage 425 of the 
left hydraulic circuit 421 and the second working oil pas- 

25 sage 426 of the right hydraulic circuit 422 through check 
valves 439, a fourth communication passage 442 for in- 
terconnecting the second working oil passage 426 of the 
left hydraulic circuit 421 and the first working oil passage 
425 of the right hydraulic circuit 422 through check 

30 valves 441, a magnetic opening-closing valve 443 for 
2WD-4WD switching disposed between the down- 
stream side of the working oil recovery hydraulic circuit 
423 and the third and fourth communication passages 
440, 442. 

35 [0176] The magnetic opening-closing valve 443 for 
2WD-4WD switching is constituted to be opened and 
closed by the operation of a 2WD-4WD shifting switch 
(not shown) provided near the steering handlebars 405. 
When drive force is to be applied to all the front and rear 

40 wheels, the valve 443 is closed, and when drive force is 
to be applied only to the rear wheels, the valve 443 is 
opened. 

[0177] A relief valve 444 provided in the downstream 
portion of the working oil recovery hydraulic circuit 423 

45 is constituted to be opened with hydraulic pressure, 
when the pressure of the third or fourth communication 
passage 440 or 442, namely the pressure of the left and 
right hydraulic circuits 421 , 422 introduced through the 
check valves 439, 441, exceeds a preset pressure, to 

50 permit flow of working oil from both of the communica- 
tion passages to the working oil recovery hydraulic pas- 
sage 423. With the relief valve 444 is provided in this 
way, if both of the front and rear wheels are driven and 
the front wheels 403 are firmly gripping the road surface 

55 but the rear wheels spin as in the mud, the hydraulic 
pressure may exceed the preset value of the relief valve 
444 due to sudden rise in the revolution of the hydraulic 
pumps 41 6, 41 7. Even so, since working oil is relieved 
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toward the working oil recovery hydraulic passage 423, 
the left and right hydraulic passages 421 , 422 are pre- 
vented from being damaged. 

[0178] Next will be described the operation of the 
small four-wheeled vehicle constituted as described 
above. 

[0179] When the vehicle is to be driven with drive 
force produced on all the front and rear wheels 403 and 
404 (4WD forward run), the magnetic opening-closing 
valve 443 for 2WD-4WD switching is closed as shown 
in FIG. 23, and the transmission of the engine 402 is 
shifted to the forward run side to run the vehicle forward. 
First, the running with the differential locked will be de- 
scribed: When the vehicle is driven forward by closing 
the magnetic opening-closing valve 443 for 2WD-4WD 
switching and by closing the magnetic valves 430 for 
locking the differential, the output shaft of the engine ro- 
tates in the normal direction, the hydraulic pumps 416, 
417 rotate in the normal direction, and the hydraulic 
pressure in the first working oil passages 425 of the left 
and right hydraulic circuits 421 and 422 rises. 
[0180] As a result, the valve body 432 of the spool 
valve 427 moves as shown in FIGs. 23 and 30-A, and 
working oil from the left and right hydraulic pumps 416, 
417 circulates in the hydraulic route constituted in the 
sequence of; the first working oil passages 425, the 
spool valves 427, the hydraulic motors 413b, 414b, the 
spool valves 427, the working oil recovery hydraulic cir- 
cuit 423, the second working oil passages 426, and the 
hydraulic pumps 416, 417. 

[0181] Circulation of working oil in this way converts 
the engine power into hydraulic pressure which causes 
the hydraulic motors 413b, 414b to operate so that the 
front wheels 403 rotate at about the same rotary speed 
as that of the rear wheels 404. At this time, when the 
revolutions of the front and rear wheels-403 and 404 are 
about the same, no drive force is produced on the front 
wheels 403, and the vehicle is propelled with the drive 
force on the rear wheels 404. 

[0182] When the drive force on the rear wheels 404 
lowers as the rear wheels 404 spin and the vehicle 
speed lowers relative to the revolution of the front 
wheels 403, drive force is produced on the front wheels 
403. 

[0183] That is to say, the small four-wheeled vehicle 
401 , even in a 4WD run, runs with drive force produced 
only on the rear wheels 404 as long as running without 
the rear wheels 404 spinning, and upon spinning of the 
rear wheels 404, the vehicle assumes the running state 
with drive force produced on all the front and rear wheels 
403 and 404. 

[01 84] Therefore, steering force is light even in a 4WD 
run, and when necessary, 4WD function takes effect 
without delay. Moreover, shifting between 2WD and 
4WD is made smooth. 

[0185] Moreover, since the magnetic valves 430 for 
locking the differential are closed, working oil does not 
flow between the left and right hydraulic motors 413b 



and 414b, and they work independently when the vehi- 
cle runs in the 4WD state. Therefore, even when one 
front wheel 403 spin on a muddy road while running in 
the 4WD state, the vehicle can escape the muddy place 

5 with the drive force on the other front wheel 403. 

[0186] On the other hand as shown in FIG. 24, in the 
state of the magnetic valves 430 for locking the differ- 
ential are opened (with the differential unlocked), the 
first working oil passages 425 of the left and right hy- 

10 draulic motors 413b and 414b are intercommunicated 
and at the same time, the second working oil passages 
426 of the left and right hydraulic motors 41 3b and 41 4b 
are intercommunicated. Therefore, when the vehicle 
turns, part of working oil supplied to one of the left and 

15 right hydraulic motors 413b and 414b that is rotating at 
a lower speed (the hydraulic motor driving the front 
wheel 403 on the inner side of the turn) flows to the other 
hydraulic motor through the first communication pas- 
sage 428. At this time, the second communication pas- 

20 sage 429 is used to return part of working oil supplied 
in excess to the side from which working oil is first sup- 
plied. 

[0187] That is, when the vehicle turns, since the rev- 
olution of the front wheels 403 is faster than that of the 
25 rear wheels 403 that are directly interconnected, the hy- 
draulic motors 41 3b and 41 4b do not produce drive force 
on the front wheels 403. Moreover, since the amounts 
of working oil supplied to the hydraulic motors 41 3b and 
414b change commensurate with the revolutions of the 
30 left and right front wheels 403, the hydraulic motors 
413b and 414b do not serve as resistance against the 
rotation of the front wheels 403, so that the front wheels 
403 rotate smoothly. 

[0188] In this running mode (4WD with the differential 
35 unlocked), in case the rear wheels 404 spin in the mud 
and also one of the front wheels 403 spins in the mud, 
there is a possibility that the vehicle cannot get out as 
the revolution of the hydraulic motor of the spinning front 
wheel 403 increase, and the output of the other hydrau- 
40 He motor (drive force on the other front wheel 403) de- 
creases. In such a case, the magnetic valves 430 for 
locking the differential are closed as shown in FIG. 23 
(to lock the differential). 

[0189] To change from the forward run to the reverse 
45 run, the vehicle is stopped and the transmission of the 
engine 402 is shifted to the reverse side. At this time, 
when the vehicle is stopped and the output shaft of the 
engine 402 stops, the hydraulic pumps 416, 417 of the 
front wheel driving device 411 also stop, and hydraulic 
50 pressure in the left and right hydraulic circuits 421 , 422 
disappears. 

[0190] When hydraulic pressure disappears in this 
way, the spool valves 427 work and the valve bodies 
432 are brought with the spring force of the springs 433 
55 to the neutral position as shown in FIGs. 25 and 30-B. 
[0191] After that, when the vehicle is driven reverse 
with the power of the engine 402, as the output shaft of 
the engine 402 rotates reverse, the left and right hydrau- 
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lie pumps 416 and 417 also rotate reverse. As a result, 
as shown in FIGs. 26 and 30-C, hydraulic pressure in 
the second working oil passages 426 of the left and right 
hydraulic circuits 421 and 422 rises, and the valve bod- 
ies 432 of the spool valves 427 move in the direction 
opposite that in the forward run. 
[0192] During a reverse run, working oil from the hy- 
draulic pumps 416, 417 circulates in the sequence of; 
the second working oil passages 426, the spool valves 
427, hydraulic motors 41 3b, 41 4b, the spool valves 427, 
the working oil recovery hydraulic circuit 423, the first 
working oil passages 425, and the hydraulic pumps 41 6, 
417, and the left and right hydraulic motors 41 3b, 41 4b 
rotate reverse. 

[0193] In the state shown in FIG. 26, the magnetic 
valves 430 for locking differential are closed (with the 
differential locked) to independently drive the left and 
right front wheels 403. However, by opening the mag- 
netic valves 430 (with the differential unlocked) during 
a reverse run too, the left and right front wheels 403 can 
rotate smoothly during a turn without drive force being 
produced on the left and right front wheels 403 like dur- 
ing the forward run described above. This state of re- 
verse run with the valves 430 being open is shown in 
FIG. 27. 

[0194] In order to run in the mode without drive force 
produced on the front wheels 403, namely with drive 
force produced only on the rear wheels 404 (2WD for- 
ward run), as shown in FIG. 28, the 2WD-4WD switching 
magnetic opening-closing valve 443 is opened. When 
the valve 443 is opened, working oil delivered from the 
left hydraulic pump 41 6 circulates through the hydraulic 
route constituted in the sequence of; the first working oil 
passage 425 of the left hydraulic circuit 421, the third 
communication passage 440, the 2WD-4WD switching 
opening-closing magnetic valve 443, the working oil re- 
covery hydraulic circuit 423, the second working oil pas- 
sage 426 of the left hydraulic circuit 421, and the left 
hydraulic pump 416. 

[0195] On the other hand, working oil delivered from 
the right hydraulic pump 417 circulates through the hy- 
draulic route in the sequence of; the first working oil pas- 
sage 425 of the right hydraulic circuit 422, the fourth 
communication passage 442, the 2WD-4WD switching 
opening-closing magnetic valve 443, the working oil re- 
covery hydraulic circuit 423, the second working oil pas- 
sage 426 of the right hydraulic circuit 422, and the right 
hydraulic pump 417. 

[0196] That is to say, since the hydraulic pumps 41 6, 
41 7 are nothing but making working oil circulate without 
the load of the hydraulic motor, no great differential pres- 
sure is produced between the outlet and the inlet of the 
hydraulic pumps 416, 417, the valve body 432 of the 
spool valve 427 is brought with the force of the spring 
433 to the neutral position as shown in FIG. 30-B, and 
the hydraulic circuit is divided into one on the hydraulic 
motor side and the other on the hydraulic pump side. At 
this time, working oil flows through the hydraulic route 



comprising the hydraulic motors 413b, 414b, and the 
spool valves 427. Therefore, the front wheels 403 rotate 
to follow the forward movement of the vehicle. 
[0197] Incidentally, when the rear wheels 404 only are 
5 driven forward in this way, the differential locking mag- 
netic opening-closing valve 430 is set to the closed po- 
sition. 

[0198] When the rear wheels 404 only are driven re- 
verse (2WD reverse run), only the transmission of the 
10 engine 402 is shifted to the reverse position without 
changing the opened or closed state of the valves of the 
front wheel driving device 41 1 . During this time, working 
oil in the front wheel driving device 411 flows as shown 
in FIG. 29. 

15 [0199] That is to say, working oil delivered from the 
left hydraulic pump 41 6 circulates through the hydraulic 
route constituted in the sequence of; the second working 
oil passage 426 of the left hydraulic circuit 421, the 
fourth communication passage 442, the 2WD-4WD 

20 switching opening-closing magnetic valve 443, the 
working oil recovery hydraulic circuit 423, the first work- 
ing oil passage 425 of the left hydraulic circuit 421 , and 
the left hydraulic pump 416. 

[0200] Working oil delivered from the right hydraulic 
25 pump 41 7 circulates through the hydraulic route consti- 
tuted in the sequence of; the second working oil pas- 
sage 426 of the right hydraulic circuit 422, the third com- 
munication passage 440, the 2WD-4WD switching 
opening-closing magnetic valve 443, the working oil re- 
30 covery hydraulic circuit 423, the first working oil passage 
425 of the right hydraulic circuit 422, and the right hy- 
draulic pump 417. 

[0201] As described above, the small four-wheeled 
vehicle 401 for running on irregular terrain comprises; 
35 the hydraulic pumps 41 6, 41 7 driven as interlocked with 
the rear wheels 404, the front wheel driving hydraulic 
motors 413b, 414b connected to the hydraulic pumps 

41 6, 41 7 and disposed near the front wheels 403, and 
the pressurizing means 435 interconnecting the front 

40 wheel driving hydraulic motors 41 3b, 41 4b and the pres- 
surizing means 435 to constitute a closed circuit with the 
hydraulic pumps 416, 417, the hydraulic pumps 416, 

41 7, and the pressurizing means 435. Since working oil 
is pressurized with the pressurizing means 435, cavita- 

45 tion does not occur even if the revolution of the hydraulic 
pumps 416, 417 increases rapidly. 
[0202] Since cavitation is prevented without providing 
a large reservoir for storing working oil, the hydraulic cir- 
cuit can be made small and light. Therefore, unlike the 

50 conventional small four-wheeled vehicle for running on 
irregular terrain by transmitting the engine power me- 
chanically to the front wheels, a long-extending trans- 
mitting device is unnecessary. This provides a front and 
rear wheel drive type of small four-wheeled vehicle for 

55 running on irregular terrain that makes it possible to re- 
duce the size of the vehicle body, to make the mecha- 
nism very simple, and to increase the degree of freedom 
in the vehicle body layout. 
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[0203] Since the pressurizing means 435 is inter- 
posed between the suction side of the hydraulic pumps 

41 6, 41 7 and the discharge side of the hydraulic motors 
413b, 414b, it is possible to pressurize working oil on 
the suction side of the hydraulic pumps 416, 417 to 
make cavitation all the more unlikely to occur. Moreover, 
since the pressurizing means 435 is placed on the low 
pressure side of the closed circuit (on the downstream 
side of the hydraulic motors 41 3b, 41 4b), the pressuriz- 
ing means 435 used may be of a relatively low strength 
against pressure. 

[0204] Interposing the pressurizing means 435 be- 
tween the delivery side of the hydraulic pumps 41 6, 41 7 
and the suction side of the hydraulic motors 41 3b, 41 4b 
(on the high pressure side of the closed circuit) makes 
it possible to pressurize working oil also during the re- 
verse run (when the hydraulic pumps 416, 417 rotate 
reverse). Therefore, there is no need of changing the 
constitution of the hydraulic circuit when switching be- 
tween forward and reverse runs. This makes it unnec- 
essary to switch the working oil passages so that the 
pressuring means 435 is always located on the low pres- 
sure side of the closed circuit during both forward and 
reverse runs. Therefore, a switching valve for switching 
the working oil passages is unnecessary, and the cost 
is reduced. 

[0205] In this embodiment, since the engine 402 is 
used as the power source of the hydraulic pumps 416, 

41 7, a small four-wheeled vehicle of the front and rear 
wheel drive type for running on irregular terrain may be 
easily fabricated by retrofitting the components of the 
front wheel drive system to an existing small four- 
wheeled vehicle for running on irregular terrain. Inciden- 
tally, the power source of the hydraulic pumps 41 6, 41 7 
may be an electric motor in place of the engine 402. In 
that case, since the front wheels 403 can be driven by 
driving the hydraulic pumps 416, 417 with the electric 
motor, variation in the hydraulic pressure may be held 
small and cavitation is made more unlikely to occur. 
[0206] The hydraulic motors 413b, 414b are constitut- 
ed that working oil is supplied so that they rotate syn- 
chronously with the front wheels 403 when the front and 
rear wheels 403 and 404 are rotating about the same 
revolution. Therefore, when the revolutions of the front 
and rear wheels 403 and 404 are about the same, no 
drive force is produced on the front wheels 403 even if 
the hydraulic motors 413b, 414b are rotated with hy- 
draulic pressure unless the drive force on the rear 
wheels 404 decreases as when the rear wheels 404 
spin. Since drive force is produced on the front wheels 

403 when drive force on the rear wheels 404 decreases, 
steering force on the steering wheel 405 when the front 
and rear wheels 403 and 404 rotate without difference 
in their revolutions is the same as that when only the 
rear wheels 404 are driven. Moreover, it is possible to 
shift from the running mode of driving the rear wheels 

404 only to the running mode of driving all the front and 
rear wheels 403 and 404 smoothly and quickly, and that 



without the driver feeling any shocks. 
[0207] Constituting that working oil is supplied to the 
hydraulic motors 413b, 414b so that a very small drive 
force smaller than that on the rear wheels 404 is pro- 

5 duced when the front and rear wheels 403 and 404 ro- 
tate at about the same rotation speed causes a very 
small drive force produced on the front wheels 403 when 
the rotation speeds of the front and rear wheels 403 and 
404 are about the same each other. Moment the drive 

10 force on the rear wheels 404 decreases as the rear 
wheels 404 spin, the small drive force on the front 
wheels 403 takes effect. Moreover, since the drive force 
increases rapidly, the front wheel drive force can be 
made to take effect and increase with good response. 

15 [0208] Since the 2WD-4WD switching opening-clos- 
ing magnetic valve 443 is provided to permit switching 
between the mode of running with the rear wheels 404 
only driven and the mode of running with both of the front 
and rear wheels 403, 404 driven, fuel economy is im- 

20 proved by choosing the running mode of driving the rear 
wheels 404 only on a paved road or the like so that all 
the power is transmitted to the rear wheels 404. 
[0209] Since the pressurizing means 435 is made by 
installing in the pressure unit housing 438 the bladder 

25 made of rubber in a bag shape and filled with high pres- 
sure gas, the constitution of the pressurizing means 435 
is simplified by the use of only the two components, the 
bladder and the housing 438. 

[0210] In case the constitution is employed in which 

30 the pressurizing means 435 comprises a cylinder in 
which a high pressure gas chamber and a working oil 
chamber are defined with a free piston, the degree of 
freedom in setting pressures is greater in comparison 
with the constitution using the bladder because the cyl- 

35 inder and the free piston are made of metal. 

[0211] The hydraulic circuit is constituted with; the oil 
pump unit 41 2 having the hydraulic pumps 41 6, 41 7, the 
left hydraulic motor unit 41 3 having the hydraulic motor 
413b, the right hydraulic motor unit 414 having the hy- 

40 draulic motor 414b, the hydraulic control unit 415 con- 
nected to the pressurizing unit housing 438 having the 
pressurizing means 435, the oil filter 437, and valves, 
with the oil filter 437 attached to the pressuring unit 
housing 438 of the pressurizing unit to form a single 

45 body, and with the valves attached to the hydraulic con- 
trol unit 415 to form a single body. Therefore, unlike the 
constitution in which relatively small auxiliary devices of 
the front wheel drive system are individually mounted 
on the vehicle body, the piping and support brackets for 

50 the piping are unnecessary. This simplifies the work of 
attaching the front wheel drive system components to 
the vehicle body and simplifies the work of maintenance. 
Moreover, cost is reduced for the auxiliary device piping 
and their brackets. 

55 [0212] Since the constitution is employed in which the 
powerof the engine 402 is transmitted to the rear wheels 
404 to be driven, the small four-wheeled vehicle 401 for 
running on irregular terrain of the front and rear wheel 
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drive type of this embodiment may be easily fabricated 
by replacing only the front drive system structure of the 
conventional small four-wheeled vehicle for running on 
irregular terrain with the structure of the hydraulic motor 
drive type. 5 
[0213] Since the auxiliary devices of the front wheel 
drive system are arranged as a single hydraulic control 
unit 415, the degree of freedom in choosing the mount- 
ing position of the hydraulic control unit 41 5 is increased. 
[0214] Since the oil pump unit 412 having the hydrau- 10 
lie pumps 41 6, 41 7 is attached to the vehicle body front 
side end of the crankcase 402a of the engine 402, it is 
possible not only to concentrate weight but also facilitate 
the connection of pipes constituting the working oil pas- 
sages such as the first and second working oil passages 15 
425, 426. Moreover, since the hydraulic pumps 41 6, 41 7 
are located near the engine output shaft, their connec- 
tion is made easy and that short lengths of the power 
transmitting members suffice for interconnecting the en- 
gine and the hydraulic pumps 41 6, 41 7. 20 
[021 5] Since the constitution is employed in which the 
hydraulic motor 41 3b for driving the left front wheel 403L 
and the hydraulic motor 414b for driving the right front 
wheel 404 are provided to drive the front wheels inde- 
pendently, unlike the conventional small four-wheeled 25 
vehicle for running on irregular terrain, the drive shafts 
and the differential gears are unnecessary. Moreover, 
since the left and right hydraulic motors 413b and 414b 
drive the left and right front wheels independently, a dif- 
ferential locked state is easily brought about, so that a 30 
complicated differential locking mechanism is unneces- 
sary. Therefore, the front wheel driving mechanism is 
made very simple and the degree of freedom in the ve- 
hicle body layout is enhanced. 

[0216] Since two hydraulic pumps 416, 417 are pro- 35 
vided, one for the left and the other for the right, and the 
left and right working oil passages from the hydraulic 
pumps 41 6, 41 7 to the hydraulic motors 41 3b, 41 4b are 
provided independently of each other, the left front 
wheel 403L and the right front wheel 403R are driven 40 
with hydraulic pressure of respectively different hydrau- 
lic pumps. Therefore, the hydraulic system is made sim- 
ple, the hydraulic pumps 41 6, 41 7 may be small in size, 
and the degree of freedom in the vehicle body layout is 
all the more enhanced. 45 
[0217] The constitution is employed in which working 
oil from the left and right hydraulic motors 41 3b, 41 4b is 
returned through the working oil recovery hydraulic cir- 
cuit 423 to the hydraulic pumps 416, 417, part of the 
working oil recovery hydraulic circuit 423 is commonly 50 
used for the left and right hydraulic routes, and auxiliary 
devices for common use for the left and right hydraulic 
routes are installed in the commonly used part of the 
working oil recovery hydraulic circuit 423. Therefore, 
while employing the constitution of driving the left and 55 
right front wheels 403 with hydraulic pressure, the hy- 
draulic auxiliary devices can be used commonly for the 
left and right hydraulic routes. As a result, the number, 
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size, and cost of components are reduced. 
[0218] Since the magnetic opening-closing valve 430 
for locking the differential is provided to individually op- 
erate the left and right hydraulic motors 413b, 414b, 
even when one front wheel 403 spins in the mud for ex- 
ample, the vehicle can continue running with drive force 
on the other front wheel 403 by individually operating 
the left and right hydraulic motors 413b, 414b. There- 
fore, a small four-wheeled vehicle of the front and rear 
wheel drive type can be realized that has high perform- 
ance of running on roads of unfavorable conditions. 
[0219] Since the constitution is employed that trans- 
mits power of the engine 402 through the mechanical 
power transmitting means to the rear wheels 404 to be 
driven, the small four-wheeled vehicle for running on ir- 
regular terrain of the front and rear wheel drive type of 
this invention may be easily constituted by replacing on- 
ly the front drive system structure of the conventional 
small four-wheeled vehicle for running on irregular ter- 
rain with the structure of the hydraulic motor drive type. 
[0220] Since the constitution is employed in which the 
2WD-4WD switching magnetic opening-closing valve 
433 can be opened or closed with the switch provided 
near the steering wheel 405, operation of switching can 
be easily made between the rear wheel drive run mode 
and the all wheel drive run mode of driving all the front 
wheels 403 and the rear wheels 404 while the vehicle 
is running. 

Fifth Embodiment 

[0221] Still another embodiment of this invention ap- 
plied to a small four-wheeled vehicle for running on ir- 
regular terrain is explained in reference to FIGs. 31 to 
37. 

[0222] The constitution of the small four-wheeled ve- 
hicle for running on irregular terrain is roughly shown in 
FIG. 31 . The figure is drawn in the state of the vehicle 
running forward. The small four-wheeled vehicle for run- 
ning on irregular terrain of this embodiment comprises; 
a hydraulic motor 501 for driving the front wheel 500 on 
the left hand side of the vehicle body, a hydraulic motor 
503 for driving the front wheel 502 on the left hand side 
of the vehicle body, a hydraulic pump 504 connected to 
the hydraulic motors 501 , 503 through a flow rate equal- 
ly dividing means 504, and a pressurizing means 506 
interconnecting the hydraulic pump 505 and the hydrau- 
lic motors 501, 503, to constitute a closed circuit 507 
with the hydraulic pump 505, the hydraulic motors 501 , 
503, and the pressurizing means 506. 
[0223] When working oil under pressure is supplied 
from the hydraulic pump 505 through the flow rate equal- 
ly dividing means 504 to the left front wheel driving hy- 
draulic motor 501 , the output shaft 508 of the hydraulic 
motor 501 rotates to drive the left front wheel 500. Also, 
when working oil under pressure is supplied from the 
hydraulic pump 505 through the flow rate equally divid- 
ing means 504 to the right front wheel driving hydraulic 
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motor 503, the output shaft 509 of the hydraulic motor 
503 rotates to drive the right front wheel 502. The flow 
rate equally dividing means 504 is constituted to distrib- 
ute pressurized working oil from the hydraulic pump 505 
to the hydraulic motors 501 , 503. 5 
[0224] The hydraulic pump 505 is constituted to be 
driven with the engine or an electric motor mounted on 
the vehicle body (not shown) and rotated as interlocked 
with the rear wheels (not shown). 

[0225] The pressurizing means 506 is to pressurize 10 
working oil in the closed circuit 507 and interposed, in 
this embodiment as shown with solid line in FIG. 31 , be- 
tween the suction side of the hydraulic pump 505 and 
the discharge side of the hydraulic motors 501 , 503. The 
pressurizing means 506 may be alternatively inter- 15 
posed, as shown with phantom line in FIG. 31 , between 
the delivery side of the hydraulic pump 505 and the suc- 
tion side of the hydraulic motors 501 , 503. 
[0226] Details of a concrete embodiment of the small 
four-wheeled vehicle for running on irregular terrain will 20 
be described below in reference to FIGs. 32 to 36. 
[0227] FIGs. 32 to 36 show the hydraulic circuits of 
the fifth embodiment. FIG. 32 shows the state of the ve- 
hicle running forward with the differential locked. FIG. 
33 shows the state of the vehicle running forward with 25 
the differential unlocked. FIG. 34 shows the state of the 
vehicle running reverse with the differential locked. Fig. 
35 shows the state of the vehicle running reverse with 
the differential unlocked. FIG. 36 shows the state of the 
vehicle running forward with only the rear wheels driven. 30 
FIG. 37 shows the state of the vehicle running reverse 
with only the rear wheels driven. In these figures, com- 
ponents that are the same as or equivalent to those ex- 
plained in reference to FIGs. 21 to 30 are provided with 
the same symbols and theirdetailed explanation is omit- 35 
ted. 

[0228] A front wheel driving device 411 shown in 
FIGs. 32 to 37 comprises a first spool valve 462 of 4-port 
3-position switching type and a second spool valve 463 
of 4-port 3-position switching type for working oil distri- 40 
bution, both interposed between an engine-driven hy- 
draulic pump 461 and left and right hydraulic motors 
413b, 414b. The second spool valve 463 corresponds 
to the flow rate equally dividing means of this invention. 
[0229] The hydraulic pump 461 is the same as that 45 
used in the fourth embodiment. A working oil recovery 
hydraulic circuit 423 is interposed between the first 
spool valve 462 and the first and second working oil pas- 
sages 425, 426. In addition, the 2WD-4WD switching 
magnetic opening-closing valve 443 is interposed be- 50 
tween the first and second working oil passages 425 and 
426. 

[0230] The first spool valve 462 is to change the di- 
rection of working oil flow between the forward and re- 
verse runs, the valve body of which is moved with hy- 55 
draulic pressures in the first and second working oil-pas- 
sages 425 and 426 against the resilient force of a spring . 
When the hydraulic pressures in these working oil pas- 



sages 425 and 426 become equal to each other or zero, 
the valve body is brought to the neutral position with the 
resilient force of the spring. The first spool valve 462 is 
connected to the first and second working oil passages 
425 and 426, and also to the upstream side of the work- 
ing oil recovery hydraulic circuit 423. 
[0231 ] The second spool valve 463 controls to equally 
divide the flow rates of working oil supplied to the left 
and right hydraulic motors 413b, 414b, and is constitut- 
ed that the valve body moves against the resilient force 
of the spring due to the differential pressure between 
two working oil inlets 463a, 463b during forward run 
(outlets during reverse run). The two working oil inlets 
(outlets) 463a, 463b are connected through throttles 

464 of an identical diameters respectively to the first 
working oil passages 425 (during forward run) or to the 
second working oil passages 426 (during reverse run). 
[0232] A differential locking magnetic opening-closing 
valve 430 is interposed between the two first working oil 
passages 425 of the hydraulic motors 41 3b, 41 4b. Two 
second working oil passages 426 of the hydraulic mo- 
tors 41 3b, 41 4b are interconnected and further connect- 
ed to the first spool valve 462. 

[0233] In this embodiment, a high speed bypass valve 

465 is interposed between the upstream side of the sec- 
ond spool valve 463 and the first working oil passages 
425 of the hydraulic motors 41 3b, 414b. The high speed 
bypass valve 465 is interposed between the working oil 
passage that becomes the upstream side of the throttle 
464 during the forward vehicle run and the first working 
oil passages 425 of the hydraulic motors 413b, 414b, 
and constituted to supply working oil efficiently during 
forward run (when working oil flows in the arrow direc- 
tion in FIG. 32) at a high speed (when the hydraulic 
pump 461 rotates at a high speed), with working oil by- 
passing the second spool valve 463 due to the presence 
of the throttle 464. 

[0234] In order to run the small four-wheeled vehicle 
of this embodiment with drive forces produced on the 
front and rear wheels 403, 404 (4WD forward run), as 
shown in FIG. 32, the 2WD-4WD switching magnetic 
opening-closing valve 443 is closed, the differential 
locking magnetic opening-closing valve 430 is closed 
(with the differential locked), and the transmission of the 
engine 402 is shifted to the forward position to run the 
vehicle forward. When the vehicle is driven forward in 
this way, the engine output shaft rotates in the normal 
direction to rotate the hydraulic pump 461 in the normal 
direction, and the oil pressure in the first working oil pas- 
sage 425 rises. As a result, the valve body of the first 
spool valve 462 moves to the right as shown in FIG. 32, 
and the oil pressure is applied to the second spool valve 
463. 

[0235] During a low speed vehicle run, working oil 
flows through the throttles 464 of the same diameters 
and the second spool valve 463 at equal flow rates to 
the two first working oil passages 425 of the left and right 
hydraulic motors 413b, 414b, so that they rotate at the 
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same speed. During a high speed run, as the throttles 
464 serve as resistance, working oil bypasses the sec- 
ond spool valve 463 and flows efficiently through the 
high speed bypass valve 465 to the first working oil pas- 
sages 425. Working oil entering the first working oil pas- 
sages 425 flows through the hydraulic motors 413b, 
414b and the second working oil passages 426 back to 
the first spool valve 462, and further through the working 
oil recovery hydraulic circuit 423 back to the hydraulic 
pump 461 . 

[0236] When working oil circulates as describe above, 
power of the engine 402 is converted into hydraulic pres- 
sure to operate the hydraulic motors 41 3b, 41 4b so that 
the front wheels 403 rotate at about the same speed as 
that of the rear wheels 404. At this time, in case the rev- 
olutions of the front and rear wheels 403, 404 are ap- 
proximately the same each other, no drive force is pro- 
duced on the front wheels, and the vehicle is driven with 
drive force produced only on the rear wheels 404. 
[0237] When the drive force on the rear wheels 404 
decreases as when the rear wheels 404 spin and the 
vehicle speed decreases relative to the revolution of the 
front wheels 403, drive force is produced on the front 
wheels 403. That is to say, the small four-wheeled ve- 
hicle 401 , even in a4WD run on a road surface that does 
not cause the rear wheels 404 to spin, assumes a run- 
ning state with drive force produced on only the rear 
wheels 404, and when the rear wheels 404 spin, drive 
force is produced on the front and rear wheels 403 and 
404. 

[0238] Therefore, the steering force is small even dur- 
ing a 4WD run, and the 4WD function takes effect when- 
ever it is necessary without delay, and that the shift from 
the 2WD to the 4WD is made smooth. 
[0239] When the left front wheel 403L for example 
spins in the mud while running in the 4WD mode de- 
scribed above, the hydraulic circuit is controlled with the 
second spool valve 463 to produce greater drive force 
on the other front wheel 403R. That is, in this case, as 
the left front wheel 403L spins, flow rate at the port A of 
the second spool valve 463 becomes greater than the 
flow rate at the port B, the pressure on the pressure re- 
ceiving area C relatively decreases, and the valve body 
moves toward the left from the position shown in FIG. 
32. As a result, working oil flows only to the port B and 
most of working oil is supplied to the right hand side hy- 
draulic motor 414b. This increases driving force on the 
right hand side front wheel 403R, so that the vehicle can 
get out of the mud. When the flow rate at the port B in- 
creases to some extent, the pressure at the pressure 
receiving area D decreases, and the valve body moves 
toward the right as seen in FIG. 32 to return to the initial 
position. 

[0240] As the valve body moves back and forth as de- 
scribed above, the drive force on one front wheel 403 
increases when the other front wheel 403 spins and re- 
turns to the original state the next moment. Therefore, 
the amounts of working oil supplied to the left and right 



hydraulic motors 413b, 414b are constantly controlled 
to be approximately the same each other. In other 
words, the vehicle can be driven with the differential 
locked, and even if one front wheel 403 spins in the mud 
5 during a 4WD run, the vehicle can get out of the mud 
with the drive force of the other front wheel 403. 
[0241] The irregular terrain running small four- 
wheeled vehicle of this embodiment can assume a run- 
ning state with the differential unlocked as shown in FIG. 
33 by opening the differential locking magnetic opening- 
closing valve 430, with the two first working oil passages 
425 of the left and right hydraulic motors 41 3b, 41 4b in- 
terconnected. Therefore, during a turn in the 4WD state, 
part of working oil flowing to one of the left and right hy- 
draulic motors 413b, 414b on the side of the slower ro- 
tation speed (one hydraulic motor driving the front wheel 
403 on the inner side of the turn) flows through the dif- 
ferential locking magnetic opening-closing valve 403 to 
the other hydraulic motor. 

[0242] That is, when the vehicle turns, since the rev- 
olution of the front wheels 403 is faster than that of the 
rear wheels 403 that are directly interconnected be- 
tween right and left, the hydraulic motors 41 3b and 414b 
do not produce drive force on the front wheels 403. 
Moreover, since the amounts of working oil supplied to 
the hydraulic motors 413b and 414b change commen- 
surate with the revolutions of the left and right front 
wheels 403, the hydraulic motors 41 3b and 41 4b do not 
serve as resistance against the rotation of the front 
wheels 403, so that the front wheels 403 rotate smooth- 
ly. 

[0243] In this running mode (with the differential un- 
locked), in case the rear wheels 404 spin in the mud and 
also one of the front wheels 403 spins in the mud, it is 
possible that the vehicle cannot get out of the mud as 
the revolution of the hydraulic motor of the spinning front 
wheel 403 increase, and the output of the other hydrau- 
lic motor (drive force on the other front wheels 403) de- 
creases. In such a case, the magnetic valve 430 for lock- 
ing differential is closed as shown in FIG. 32 (with the 
differential locked). 

[0244] To change from the forward run to the reverse 
run with the small four-wheeled vehicle of this embodi- 
ment, the vehicle is stopped and the transmission of the 
engine 402 is shifted to the reverse position. Atthis time, 
when the vehicle is stopped and the output shaft of the 
engine 402 stops, the hydraulic pump 416 of the front 
wheel driving device 411 also stops, and hydraulic pres- 
sure in the hydraulic circuits disappears. 
[0245] When hydraulic pressure disappears in this 
way, the valve body of the first spool valve 462 is brought 
with the spring force to the neutral position. After that, 
when the vehicle is driven reverse with the power of the 
engine 402, as the output shaft of the engine 402 rotates 
reverse, the hydraulic pumps 461 rotates reverse. As a 
result, hydraulic pressure in the second working oil pas- 
sages 426 increases and as shown in FIG. 34, the valve 
body of the first spool valve 462 moves in the direction 
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opposite that in the forward vehicle run. 
[0246] During the reverse run, working oil circulates 
in the sequence from the hydraulic pump 461, through 
the second working oil passages 426, the first spool 
valve 462, the hydraulic motors 41 3b, 414b, the second 5 
spool valve 463, the first spool valve 462, the working 
oil recovery hydraulic circuit 423, the first working oil 
passage 425, and the hydraulic pumps 461 . The left and 
right hydraulic motors 413b, 414b rotate in the reverse 
direction. 10 
[0247] In the state shown in FIG. 34, the magnetic 
valve 430 for locking differential is closed (with the dif- 
ferential locked) to independently drive the left and right 
front wheels 403. However, by opening the magnetic 
valve 430 (with the differential unlocked) during a re- 15 
verse run too, the left and right front wheels 403 can 
rotate smoothly during a turn without drive force being 
produced on the left and right front wheels 403, like dur- 
ing the forward run described above. This state of re- 
verse run with the valve 430 being open is shown in FIG. 20 
35. 

[0248] In order to run in the mode without drive force 
produced on the front wheels 403, namely with drive 
force produced only on the rear wheels 404 (2WD for- 
ward run), as shown in FIG. 36, the 2WD-4WD switching 25 
magnetic opening-closing valve 443 is opened. When 
the valve 443 is open, working oil delivered from the hy- 
draulic pump 461 circulates through the hydraulic route 
constituted in the sequence of; the first working oil pas- 
sage 425, the 2WD-4WD switching opening-closing 30 
magnetic valve 443, the second working oil passage 
426, and the hydraulic pump 461. 
[0249] That is to say, the since the hydraulic pump 461 
is nothing but causing working oil to circulate without the 
load of the hydraulic motors, no great differential pres- 35 
sure is produced between the outlet and the inlet of the 
hydraulic pump 461, the valve body of the first spool 
valve 462 is brought with the spring force the 433 to the 
neutral position, and the hydraulic circuit is divided into 
one on the hydraulic motor side and the other on the 40 
hydraulic pump side. At this time, working oil flows 
through the hydraulic route comprising the hydraulic 
motors 413b, 414b, and the first and second spool 
valves 462, 463. Therefore, the front wheels 403 rotate 
to follow the forward movement of the vehicle. 45 
[0250] When the rear wheels 404 only are driven for- 
ward in this way, the differential locking magnetic open- 
ing-closing valve 430 is set to the closed position. 
[0251] When the vehicle runs in the reverse direction 
(2WD reverse run) with drive force produced only on the 50 
rear wheels 404, only the transmission of the engine 402 
is shifted to the reverse position without changing the 
opened or closed state of the valves of the front wheel 
driving device 411. During this time, working oil in the 
front wheel driving device 411 flows as shown in FIG. 37. 55 
[0252] That is to say, working oil delivered from the 
hydraulic pump 461 circulates through the route consti- 
tuted in the sequence of; the second working oil pas- 



44 

sage 426, the 2WD-4WD switching magnetic opening- 
closing valve 443, the first working oil passage 425, and 
the hydraulic pump 461. 

[0253] Therefore, even with the constitution employ- 
ing only one hydraulic motor can provide the same effect 
as that of the constitution of the fourth embodiment. In 
this embodiment too, since the pressurizing means 435 
is interposed between the suction side of the hydraulic 
pump 461 and the discharge side of the hydraulic mo- 
tors 413b, 414b, it is possible to pressurize working oil 
on the suction side of the hydraulic pump 461 to make 
cavitation all the more unlikely to occur. Moreover, since 
the pressurizing means 435 is placed on the low pres- 
sure side of the closed circuit (on the downstream side 
of the hydraulic motors 413b, 414b), the pressurizing 
means 435 used may be of a relatively low strength 
against pressure. 

[0254] Interposing the pressurizing means 435 be- 
tween the delivery side of the hydraulic pump 461 and 
the suction side of the hydraulic motors 413b, 414b (on 
the high pressure side of the closed circuit) makes it pos- 
sible to pressurize working oil also during the reverse 
run (when the hydraulic pump 461 rotates reverse). 
Therefore, there is no need of changing the constitution 
of the hydraulic circuit when switching between forward 
and reverse runs. This makes it unnecessary to switch 
the working oil passages so that the pressuring means 
435 is always located on the low pressure side of the 
closed circuit during both forward and reverse runs. 
Therefore, a switching valve for switching the working 
oil passages is unnecessary, and the cost can be re- 
duced. 

[0255] As shown with the fifth embodiment above, 
since the left and right front wheels 403 are driven with 
the single hydraulic pump 461 by employing the consti- 
tution in which working oil delivered from the hydraulic 
pump 461 is distributed with the second spool valve 463 
to the two hydraulic motors 41 3b, 41 4b, the number and 
the cost of components are reduced. 
[0256] This embodiment is shown with a constitution 
in which no drive force is produced on the front wheels 
403 when they are rotating about the same speed as 
that of the rear wheels 404 in the 4WD state. However, 
it may also be constituted that, under such a running 
condition, hydraulic pressure is supplied to the left and 
right hydraulic motors 41 3b, 41 4b to produce very small 
drive force, smaller than that on the rear wheels 404, on 
the front wheels 403. With this constitution, when the 
revolutions of the front and rear wheels 403, 404 are 
about the same each other, very small drive force is pro- 
duced on the front wheels 403. The moment the drive 
force on the rear wheels 404 decreases as when the 
rear wheels 404 spin, the very small drive force on the 
front wheels 403 takes effect immediately, and that the 
drive force increases rapidly to a very high level. That is 
to say, the front wheel drive force can be produced and 
increased with good response. 

[0257] The fourth and fifth embodiments above em- 
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ploy the constitution in which the power of the engine 
402 is transmitted through the mechanical power trans- 
mitting means to the rear wheels 404. However, the rear 
wheels 404 can also be driven with hydraulic pressure 
like the front wheels 403. Employing this constitution 
makes it possible to omit some of the rear wheel driving 
components such as the drive shaft, which all the more 
increases the degree of freedom in vehicle body layout. 

Possible Industrial Application 

[0258] As described above, this invention can be ap- 
plied effectively to two-wheeled, three-wheeled, and 
four-wheeled vehicles of the front and rear wheel drive 
type, in particular to vehicles that are required to reduce 
the vehicle body size. 



Claims 

1 . A front and rear wheel drive type of vehicle charac- 
terized by comprising; a hydraulic pump driven as 
interlocked with a rear wheel, a front wheel driving 
hydraulic motor connected to the hydraulic pump 
and placed in the vicinity of a front wheel, and a 
pressurizing means interposed between the front 
wheel driving hydraulic motor and the hydraulic 
pump, with the hydraulic pump, the front wheel driv- 
ing hydraulic motor, and the pressurizing means 
constituting a closed hydraulic circuit. 

2. A front and rear wheel drive type of vehicle of claim 
1 , characterized in that the pressurizing means is 
interposed between the suction side of the hydraulic 
pump and the discharge side of the hydraulic motor. 

3. A front and rear wheel drive type of vehicle of claim 
1 , characterized in that the pressurizing means is 
interposed between the delivery side of the hydrau- 
lic pump and the suction side of the hydraulic motor. 

4. A front and rear wheel drive type of vehicle of claim 
1, characterized in that the power source of the 
hydraulic pump is an engine. 

5. A front and rear wheel drive type of vehicle of claim 
1, characterized in that the power source of the 
hydraulic pump is an electric motor. 

6. A front and rear wheel drive type of vehicle of claim 
1 , characterized in that hydraulic pressure is sup- 
plied to the hydraulic motor so that the hydraulic mo- 
tor rotates synchronously with the front wheel in a 
vehicle running state of the front and rear wheels 
rotating at about the same speed each other. 

7. A front and rear wheel drive type of vehicle of claim 
1 , characterized in that hydraulic pressure is sup- 



plied to the hydraulic motor so that drive force small- 
er than that on the rear wheel is produced on the 
front wheel in a vehicle running state of the front 
and rear wheels rotating at about the same speed 
5 each other. 

8. A front and rear wheel drive type of vehicle of claim 
1, characterized in that running mode switching 
means is provided to switch between a vehicle run- 

10 ning mode of driving the rear wheel only and a ve- 
hicle running mode of driving the front and rear 
wheels. 

9. A front and rear wheel drive type of vehicle of claim 
15 1 j characterized in that the pressurizing means is 

formed by installing a bladder made of rubber in a 
bag shape filled with high pressure gas to a housing 
that constitutes part of a working oil passage. 

20 10. A front and rear wheel drive type of vehicle of claim 
1 , characterized in that the pressurizing means is 
constituted with a cylinder in which a high pressure 
gas chamber and a working oil chamber are defined 
with a free piston. 

25 

1 1 . A front and rear wheel drive type of vehicle of claim 
1 , characterized in that the hydraulic circuit is con- 
stituted with; a pump unit having a hydraulic pump, 
a motor unit having a hydraulic motor, a hydraulic 

30 unit having a pressurizing means, an oil filter, and 
valves, with the oil filter attached to the housing of 
the hydraulic unit to form a single body, and with the 
valves attached to at least one of the three units to 
form a single body. 

35 

12. A front and rear wheel drive type of vehicle of claim 
9, characterized in that the oil filter and the pres- 
surizing means are placed side by side close to and 
longitudinally parallel to each other in the housing 

40 of the hydraulic unit, with a working oil inlet and a 
working oil outlet provided on the longitudinal end 
of the housing. 

13. A front and rear wheel drive type of vehicle of claim 
45 10, characterized in that the working oil inlet and 

the working oil outlet are disposed on the end side 
of the oil filter and a relief valve is disposed on the 
end side of the pressurizing means. 

50 14. A front and rear wheel drive type of vehicle of claim 
1, characterized in that the front wheel hub is 
formed in the shape of a bottomed cylinder having 
a cylindrical portion and a bottom portion so that the 
hub is formed with a cylindrical recess which is open 

55 to one side, the bottom portion is supported for ro- 
tation on a wheel shaft through a bearing, a disk- 
shaped cover for closing the cylindrical recess is se- 
cured to the wheel shaft, a hydraulic motor for driv- 
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ing the front wheel is supported with the cover, the 
output shaft of the hydraulic motor engages through 
gears with the hub within the cylindrical recess 
closed with the cover, the outside circumferential 
portion of the cover is positioned in the boundary 5 
portion between the cylindrical portion and the bot- 
tom portion, a labyrinth seal is formed between the 
outside circumferential portion of the cover and the 
cylindrical portion, and a seal member is interposed 
in a position between the outside circumferential 10 
portion of the cover and the hub and nearer to the 
bottom portion than the labyrinth seal. 



ating the hydraulic motors for the right and left front 
wheels. 

22. A front and rear wheel drive type of vehicle of claim 
1 , characterized in that the engine power is trans- 
mitted through a mechanical transmitting means to 
the rear wheel to 



15. A front and rear wheel drive type of vehicle of claim 
12, characterized in that the gear engagement 15 
portion of the hydraulic motor and the hub is located 
close to the cover-. 



16. A front and rear wheel drive type of vehicle of claim 

12, characterized in that the bearing for support- 20 
ing the hub is constituted as a double row rolling 
bearing. 

17. A front and rear wheel drive type of vehicle of claim 

1 , characterized in that two, right and left front 25 
wheels are provided, each provided with a hydraulic 
motor for driving each wheel independently. 

18. A front and rear wheel drive type of vehicle of claim 

15, characterized in that a hydraulic pump set 30 
comprises a hydraulic pump for driving the hydrau- 
lic motor for the left front wheel and a hydraulic 
pump for driving the hydraulic motor for the right 
front wheel, and working oil supply passages for 
supplying working oil from those hydraulic pumps 35 
to the respective hydraulic motors are provided in- 
dependently on right and left sides. 

19. A front and rear wheel drive type of vehicle of claim 

15, characterized in that a single hydraulic pump 40 
is employed and a flow rate equally dividing means 
is interposed in the middle position on the working 
oil passage for supplying working oil from the hy- 
draulic pump to the hydraulic motors for the right 
and left front wheels. 45 



20. A front and rear wheel drive type of vehicle of claim 
15, characterized in that working oil is returned 
from the hydraulic motors for the right and left front 
wheels through working oil recovery circuits to the 50 
hydraulic pumps, with part of the working oil recov- 
ery circuits is made in common for right and left, and 
with the common part provided with common hy- 
draulic auxiliary devices. 

55 

21 . A front and rear wheel drive type of vehicle of claim 
15, characterized in that an opening-closing valve 
for differential lock is provided for individually oper- 
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[FIG. 2} 
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[FIG . 3] 
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[FIG, 4] 
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[FIG. 6] 
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[FIG. 1] 
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[FIG . 9] 
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[FIG. Ill 
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[FIG. 12] 
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[FIG- 13] 
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[FIG. 16] 
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[FIG. 18] 
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[FIG. 22] 
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[FIG. 23] 
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[FIG , 24] 
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[FIG , 25] 
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[FIG. 26] 
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[FIG. 27] 
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[FIG. 28] 
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[FIG. 29] 
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[FIG. 31] 
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[FIG. 32] 
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[FIG. 33] 
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[FIG . 35] 
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[FIG. 36] 




60 



EP 1 151 913 A1 



[FIG. 37] 




61 



EP 1 151 913 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP00/01645 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 B62M19/00, B62K 5/00, B62K11/00 
B60K17/34, B60K23/04 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 B62M19/00, B62K 5/00, B62K11/00 
B60K17/34, B60K23/04 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1940-1996 Toroku Jitsuyo Shinan Koho 1994-2000 

Kokai Jitsuyo Shinan Koho 1971-2000 Jitsuyo Shinan Toroku Koho 1996-2000 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


JP, 5-92794, A (Kawasaki Heavy Industries, Ltd.), 

16 April, 1993(16.04.1993} 

Full text; Figs. 1-11 (Family: none) 


1-22 


A 


JP, 5-112155, A (Honda Motor Co., Ltd.), 
07 May, 1993 (07.05.93) , 

Full text; Figs. 1 to 12 (Family: none) 


1-22 


A 


JP, 10-109556, A (Asahi Shoji K.K.), 

28 April, 1998 (28.04.98), 

Full text; Figs. 1 to 7 (Family: none) 


1-22 


A 


JP, 2-63227, U (KAY ABA INDUSTRY CO., LTD.), 
11 May, 1990 (11.05.90), 

Full text; Figs. 1 to 4 (Family: none) 


1-22 



I 1 Further documents are listed in the continuation of Box C. See patent family annex. 



• Special categories of cited documents: "T later document published after the international filing date or 
"A" document defining the general slate of the art which is not priority date and not in conflict with the application but cited to 

considered to be of particular relevance understand the principle or theory underlying the invention 

"E" earlier document but published on or after the international filing "X" document of particular relevance; the claimed invention cannot be 

date considered novel or cannot be considered to involve an inventive 

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone 

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be 

special reason (as specified) considered to involve an inventive step when the document is 

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such 

means combination being obvious to a person skilled in the art 

"P" document published prior to the international filing date but later document member of the same patent family 

than the priority date claimed 



Date of the actual completion of the international search 
13 June, 2000 (13.06.00) 


Date of mailing of the international search report 
20 June, 2000 (20.06.00) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



62 



